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ABSTSACT 

On the instruction of the Council of Ontario 
Universities, the Advisory Committee on Academic Planning in 
cooperation with the Committee of Ontario Deans of Engineering has 
conducted a planning assessment for doctoral work in mechanical 
engineering. This report presents as overview of the recommendations 
for each of the assessments conducted in various areas of doctoral 
work. Following this overview, emphasis is placed on the assessment 
of mechanical engineering in relation to the number and quality of 
students, an analysis of mechanical engineering education at the 
doctoral level, and general observations. The section concerning the 
number and quality of students reviews the supply of students, 
foreign students, employment opportunities for graduates, student 
concern about career opportunities, and quotas on the number of 
students. Analysis of mechanical engineering education at the 
doctoral level reviews course requirements, doctoral theses, thesis 
work outside the university, part-time studies, coverage of 
wechanical engineering at the graduate level, strengths and 
weaknesses of graduate programs, and industrial research 
institutions. General observations discuss the pinimum size of a 
group, metallurgy/mat@rial science. faculty age distribution, staff 
nobility, financial suppott for graduate work, and an overview of the 
Department of Mechanical Engineering at the University of Ottawa and 
the Institute of Aerospace Studies at the University of Toronto. 
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This report deals with a planning study of doctoral work in engineering, 
which was conducted in several portions corresponding to the various 
disciplines within engineering. The report is in six volumes. Volume A 
deals with chemical engineering, B with electrical engineering, C with 
metallurgical and materials engineering, D with mechanical engineering, 

E with industrial engineering, and F with civil engineering. Each volume 
contains the COU and ACAP reports for engineering as a whole together with 
the consultants’ report and other material appropriate to one of the 
disciplines. The COU report will be in three parts: Part I dealing with 
recommendations approved in June 1974 and dealing with most of the fields, 
Part 11 approved in September 1974 and dealing with mechanical and 
industrial engineering, and Part III to appear later dealing with civil 
engineering. This volume printed in the fall of 1974 contains Parts 

t and Il. 
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As a consequence of a study of engineering education in Ontario (described 
in more detail in the subsequent ACAP report) che Council of Ontario 
Universities called for a planning assessment of PhD programmes in 
engineering to be carried out by ACAP in cooperation with CODE. 


The Advisory Committee on Academic Planning (ACAP), as presently 
constituted, was established by the Ontario Council on Graduate Studies 
at the request of the Council.of Ontario Universities in January, 1971. 
The Advisory Committee's terms of reference were directed broadly toward 
the effective planning and rationalization of long-term graduate 
development in Ontario's universities both at the level of individual 
disciplines and at a more general level. The Advisory Con. ttee's 

“ activities are based on the premise that graduate work is tie one area 
of university activity in which specialization among univer: ::ies, 
cooperative arrangements and comprehensive planning are most necessary. 


The disciplinary planning process involves a discipline group 
composed of one representative from each university with an interest in 
_. graduate work in the planning area. In the case of engincering, CODE 
“was also involved in a way described in the ACAP report. The discipline 
group assists in defining the precise academic boundaries of each study, 
and prepares a commentary on the consultants’ report. 


The final decision on consultants for the planning study is made 
by ACAP. The consultants are requested to make recommendattons on 
Programmes to he offered in Ontario, desirable and/or likely errolments, 
the division of responsibility for programmes among universities, and the 
desirable extent of collaboration with related disciplines. 


While the consultants' report is the single largest element in the 
final report on the planning study, ACAP considers the statement of each 
university's forward plans to be most significant. These forward plans 
are usually outlined prior to the planning study, and are used as a basis 
for comments from the universities concerned on the consultants’ report. 


On receipt of the consultants’ report, and comments on it from the 
disicpline group and the universities, ACAP hegins work on its own recom- 
mendations for submission directly to the Council of Ontario Universities. 
cOU considers the input from all sources, and prepares the position of the 
Ontario university community. 


The following report is one of a series of disciplinary planning 
studies carried out by the Advisory Committee on Academic Planning and 
to be published by the Council of Ontario Universities, The emphasis 
of the report is on forward planning, and it is hoped that the 
implementation of COU's recommendations will help to ensure the more 
ordered growth and development of graduate studies in Ontario's universities. 
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Council of Ontario Universities 
Conseil des Universités de 1'Ontario 


Report and Recommendations 
concerning Doctoral Studies 


in Engineering ~ rart I 


On the instruction of the Council of Ontario Universities, the Advisory Committee 

on Academic rlanning, in cooperation with the Committee of Ontario Deans of Engin- 
eering, has conducted a planning assessment for doctoral work in engineering... This 
arose from Che need to re-examine the recommendations concerning PhD work which 
appeared in Ring of Iron. The background to the study, the procedures followed 

and the planning techniques used are described in the ACAF report and are not repeated 
here. The resultant report from ACArP is attached together with the consultants’ 
reports, the comments by the discipline groups, the comments of the individual 
universities, and the comments of CODE. It is important for the reader to read the 
attachments in order to understand the recommendations in this Report from COU. Cou 
will issue subsequent parts to this report dealing with mechanical, industrial and 
civil engineering. ° re 


The Council received the ACA? report and supporting documentation on April 11, 1974. 
The content of the ACAr document was debated on April 11, on May 3, and on June 7, 
1974, As a result of these discussions this Report and Recommendations was prepared 
and approved by the Council on June 7, 1974. The report is addressed to the Ontario 
Council on University Affairs and the universities of Ontario. 


The. following principles have been adopted and will apply to this and all other COU 
Reports arising out of assessments. 


1. wiscipline assessments by ACAP should form the basis for planning by 
the universities of their development of graduate studies, particularly 
“hD programmes. On the basis of these assessments, COU should make its 
own recommendations on currently embargoed programmes. Each university 
must retain the freedom and responsibility to plan and implement its 
own academic development. However, the universities in embarking on 
a cooperative planning process have signalled their intentions of 
cooperating with the COU recommendations. 


2. Universities generally plan their emphases in praduate study on the 
bases of related departments, not of single departments. Initially. 
the sequentia] nature of the discipline planning assessments makes 
this difficult. However, by the summer of 1974 there will have been 
assessments of most of the social sciences, all of the physical sciences, 
engineering doctoral work, and a number of professional areas. On the 
information and recommendations then available, each university should be 
able to make decisions concerning its support of graduate programmes 
in these areas. Amendments to university responses to the individual 
discipline planning assessments may then be made in the widece context of 
a group of related disciplines and amendments to COU's original Reports 
on an individual discipline may be required. 
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The first concern in planning is to review the quality of graduate 
opportunities and of students in Ontario universities and to make 
judgements about how to proceed or not proceed based on quality 
considerations. The procedures have made use vf highly qualified 
independent consultants who have no direct interest in the universities 
in Ontario. Accordingly, COU feels bound to accept their judgéments 
about quality where they are stated. clearly unless unconvinced that _ 
their conclusions about quality are consistent with their evidence. | 
CoU's recommendations in the case of programmes which are of unsatis—- 
factory or questionable quality will call for discontinuation or the | 
carrying out of an appraisal, if the continuation of the programme 

is not crucial to the province's offerings. In some cases, however, 
there may be a particular need for the programme and the appropriate 
recommendation will be to strengthen it, with an appraisal following 
that action. It is also possible that if there were found to be 

too large a number of broadly-based programmes there could be a recom- 
mendation to discontinue the weakest; in this case, an appraisal for 

a more limited programme might be relevant. 


A second consideration is the scope of opportunities for graduate 
work in the discipline. Do the Ontario programmes together offer - 
a satisfactory coverage of the main divisions of the discipline? 


Numbers of students to be planned for will depend on the likely 

number of applicants of high quality and in some cases may relate to an 
estimate of society's needs. Such estimates may be reasonably reliable 
in some cases and not in others. If the plans of the universities 
appear to be consistent with the likely number of well-qualified 
applicants and there is either no satisfactory basis for estimating - 
needs or there is no sncenaletency between a reasonable estimate of 

need and the universities’ plans, then COU will take note of the facts 


_ without making recommendations on the subject of numbers. 


If the numbers being planned for by the universities are grossly out 
of line with the anticipated total of well-qualified students, or a 
reliable estimate of needs, COU will make appropriate corrective 
recommendations. Depending on the circumstances, these may call for 
a change in the total numbers to be planned for and indications of 
which institutions should increase, decrease, or discontinue. The 
recommendations in serious cases may need to specify departmental 
figures for each university for a time. If the numbers being planned 
for are insufficient, the recommendations may call for expansion, or 
new programmes, and may have implications for both operating and 
capital costs. 


Unless there are exceptional circumstances, the recommendations 
concerning enrolment will not call for a university to refuse 
admission to any well-qualified student who wishes to work in a 
field in which that university offers a programme and in, which it 
has the capacity to accommodate the student. 
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6. The quality of graduate programmes is partly dependent on size, and 
for each programme, depending on how it is designed andjits scope, 
there is a minimum size of enrolment below which quality may suffer. 
That number cannot be expressed for the discipline as a whole but ee 
only for individual programmes depending on their purpose, their 
resources and their design. 


7. Universities will be expected to notify COU if they intend to depart _ 
from the COU Report in any way which they believe might have a signi- 
ficant bearing on the provincial plan. , 


8. Appraisals arising as the result of assessments are to be based on the 
standards but not necessarily the scope - ae acceptable programmes 
: in the province. 


General observations concerning engineering doctoral work 


1. Ontario is unlikely to over-produce engineering rhD's in the next five 
years. However, the student body contains too large a proportion of non- 
Canadians. Qualified Canadians should be encouraged to seek the engineering 
sho, 


2. Doctoral students should be selected on the basis of high academic standing 
_ and research potential. 


3. "Inbreeding" is a problem, with many students obtaining three degrees from 
one university. 


4. Faculty members, whether or not engaged with doctoral students, should have 
the facilities and opportunities to engage in research and in work with 
industry. : 


3. ‘The scope for inter-university and university-industry cooperation is 
considerable and should be exploited. 


6. The quality and state of development of the Ontario doctoral programmes are 
variable. Some are very good and have gained international recognition. 


7. Some universities are organizing (or reorganizing) doctoral study on a 
division of specialization other than that provided by the "traditional" 
engineering departments. In two of the smaller faculties this is a central 
factor in the planning, but increasing cross-departmental activity is also in 


evidence elsewhere. 


Actions by COU 


1. COU has abandoned a planning number of 450 doctoral students and advises 
Hhe universities to plan on the assumption that the doctoral enrolment will 
eremain roughly constant for the next five years. Although there is a need 
fot engineers with doctorates in Ontario, graduate student enrolment will 
level off due to a lack of top quality students. Canadians must be attracted 
@ in increasing numbers in order to maintain enrolment at the present level. 
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COU requests that CODE report annually to COU on enrolment and employment 
opportunities. 


COU requests that ACAP arrange for each engineering discipline group: 
(1) to monitor annually the admissions experience of each programme (post 
facto) and report on the quality of the admitted students (to ACAP for 


catalan eeeerny 


transmission to COU); 


(2) to report annually to ACAY on the universities previously attended by 
the newly admitted graduate students of each department. 


COU requests CODE, after consultation with the disciplige groups, to develop 
proposals. for collective methods of making information on graduate work in 
all Ontario. universities readily available to the engineering students, and 
to inform ACAP of the action taken. 


CoU requests OCGS to examine existing university guidelines on part-time 


doctoral work and its supervision. 


COU request that ACAP arrange for an annual report to OCGS from each university 
on the time taken for each graduating student to complete his doctoral studies. 


COU requests ACA? to examine the available documentation on civil engineering, 
to reach its own judgements on the basis for a report, after soliciting assist- 
ance from the discipline group and the universities, and to prepare its report 
to COU containing recommendations for the future of civil engineering doctoral 
work. This should be submitted by December 31, 1974. 


COU requests that ACA’ arrange for the metallurgical and materials engineering 
discipline group to present a report to ACA? on university actions taken to 
correct identified weakness in certain fields of study. 
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Recommendaticns 


It is recommended that: 


l. 


Universities, COVE and discipline groups take steps to inform potential 
candidates of the value of a PhD in many phases of government and industry, 

not only in research and development. The universities, individually and 
collectively, through agencies such as CODE, should discuss with the industrial 


and governmental employers steps to be taken jointly in order to overcome the 


shortage of Canadian students. 
. i ue 
The universities attempt to maintain the situation where Canadians and landed 


-immigrants constitute at least 70Z of the doctoral enrolment in ayy programme, 


at any one time, even though the number of landed immigrants may decrease. 
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3. The universities, the provincial government, and granting agencies examine 
the extent to which the limit to student income deters Canadians from entering 
graduate work. Means of supplementing the income of professionally experienced a 
students should be examined. 


4. All doctoral thesis examining committees have an examiner external to the 
university. 


oe At present, there not be any specific engineering doctoral part-time programmes 
but rather that part-time or non-resident doctoral work be done by individual 
arrangement. Experimentation in methods of carrying on part-time work is to 
be encouraged and might lead in future to the creation of specific part-time 
programmes. It is also recommendgd that the research topic of any student 
accepted on a part~time basis be in a field in which the professors in the 
depaztment have expertise. 


University Recommendations 7 


Engineering was split into five separate assessments, one for each of the five 
traditional fields of engineering. Iwo universities, Western Ontario and Windsor, 
do not administer their doctoral engineering work alone these lines but rather on 
an interdisciplinary basis that cuts horizontally across engineering. For this 
reason, these two:universities are being dealt with separately and not as part of 
the more standard) approach evident in the five assessment reports. Similarly, 
epeenh also is included in this section. 
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6. The University of Western Ontario continue its examination of its PhD 
programme in engineering science, and put forward the resulting programme for 
appraisal, in particular delineating carefully the areas of research in which 
it feels it appropriate to accept students. If a favourable appraisal 
is not obtained by the end of Mctober, 1976, admission of new students should 
then be suspended. 


7. The University.of Windsor continue the reorganization of its doctoral work in 
engineering and submit all programmes for appraisal when the new system has 
been in operation sufficiently long to permit a valid appraisal. Enrolment 
of new students should cease after October, 1977, if a favourable appraisal 
has,not been obtained. 


8. The involvement of the School of Engineering in the hydrology doctoral programme 
at the University of Guelph continue and that the university begin doctoral 
work in agricultural engineering at a time in accordance with the mniverstty s 
plans, subject to normal appraisal Procedures. 
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Chemical Engineering 


This section deals with doctoral work in chemical ehetheer ing, at McMaster, Ottawa, 
queen's, Toronto and Waterloo. 
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13. 


14. 


_ Civil Engineering i. 


is recommended that:.. 


The departments consider grouping their research activities in well-defined 
areas so as to establish or reinforce teams, thus providing a more stimulating 
environment for students. 

McMaster University continue its doctoral work in chemical engineering accord- 
ing to its plans. : 


The University of Ottawa continue its doctoral programme in chemical engineering. . 


according to its plans. 


: Queen's University re-evaluate its doctoral programme in chemical engineering 


in the light of comments made by the. consultants concerning research activity 
of the faculty, the grouping of research areas, the awareness of new trends 

in the discipline, and the mobility of its bachelor's graduates, and submit 

the programme for appraisal at the time that the university considers appro- 
priate. If a favourable appraisal has not been received by October, 1976, 
enrolment of new students then be suspended. 

The University of Toronto continue its doctoral programme in chemical engineer- 
ing according to its plans, paying particular attention to the desirable 
mobility of its bachelor’s graduates for graduate work elsewhere and to the 
desirability of grouping of research areas. The University of Toronto is 
requested to report to COU through ACA? by June, 1975, on action taken in regard 
to this Recommendation. ; : 


The University vf Waterloo continue its doctoral programme in chemical 
engineering according to its plans. 


The consultants’ report is unfortunately inadequate for planning purposes. 


Jt is recommended that: 


15. 


he embargo on the funding of any new programmes in civil engineering 

continue until COU has accepted a report from ACAI’ dealing adequately 

with the future role of ‘each department in respect to the different fields of 
doctoral research, paying particular attention to the relative strengths and 
weaknesses of vach department and the change in emphasis on fields recommend- 
ed by the eunsultants. The report should be submitted by ACAI’ by December 31, 
1974. 


Ehectrical Engineering 


This section deals with ddeteral work in electrical engineering at Carleton, 
MeMaster, Ottawa, Queen's, Toronto.and Waterloo. 


It is recommended that: 


16. The discipline group annually identify those areas of electrical engineering 


ERIC 


which they consider relevant to -the present and future needs of Canada and 


x 


makg their findings available te the granting agencies and various associations 


of industry in order to stimulate a continuing dialogue with industry. 


according to its plans. 


Carleton University continue its déccoral work in electrical engineering 
according to its plans. 


McMaster University continue its doctoral work in electrical engineering 


feta : = 
The University of Ottawa plan the reorganization of its doctoral programme 
in electrical engineering and put forward the programme for appraisal. If 
a favourable appraisal has not been obtained by the end of the fall term 1976, 
admission af new sticents should cease. In the meantime, enrolment of new 
students should be restricted to the digital communications systems and large- 
scale systems fields. : , 


o 


Queen's University continue its programme in electrical engineering concentrating 
in the communications and systems fields, with occasionally a student in cognate 
areas of electronics and energy processing. Any proposed substantial develop- 
ments in these latter two fields should be submitted for appraisal. It is also 
recommended that the department maintair enrolment at its present level. 


The University of Toronto continue its doctoral work in electrical engineering 


according to its plans. 
, ~ 


The University of Waterloo continue its doctoral work in electrical engineering 
according to its plans. 


Metallurgical and Materials Engineering 


This section deals with doctoral work in metallurgical and materials engineering 
at McMaster, Queen's, Toronto and Waterloo. 


It is recommended that: 


23. 


24. 
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The universities take steps to increase the activity in the ceramics, glasses, 
and polymer fields of study in the province. 


MeMaster University continue its doctoral ,: ogrammes in materials science 
and extractive metallurgy, and make < report to COU through ACA! in the fall 
of 1975 on the follawing suggestions for improvement: 


a) recruitment of students with physics and chemistry backgrounds 
b) strengthening of the extractive metallurgy faculty 
c) collaboration with the University of Toronto 


Yueen's University continue its doctoral work in physical metallurgy 

and discontinue the doctoral programme in extractive metallurgy and mineral 
engineeying as it now exists and replaceeit by an enlarged programme involving 
professors from other departments. This new programme should be appraised 

and this should be completed by December 31, 1976. I1£ Queen's does not wish 


to enlarge its programme in extractive metallurgy and mineral engineering, 
the present programme should be put forward imnedjately for appraisal, 
ceasing to enrol new students by June 30, 1975, 1£ a favourable appraisal 


-¢is not obtained, = 


26. The University of Toronte continue its-doctoral programmes in its Department 
of Metallurgy and Materials Science. It is suggested that Toronto consider 
broadening the programmes and it is requested that the university report to 
COU. through ACAP by September, 1975, on any progress made in this direction. 


27, The.University of Waterloo continue its doctoral work in extractive and pro- 
cess metallurgy and in metallurgical engineering and materials science 
according to its plans. 


Mining Engineering 


4 


tt is recommended that: 


28, Queen's University continue its doctoral work in accordance with its plans. 


‘ 
General 


It is recommended that: 


29. In view of the acceptance of these recommendations by the Council of 
Ontario Universities and the completion of Part I of this planning 
assessment, the Ontario Council on University Affairs request the 
Minister to remove the embargo on doctoral work in Engineering (except 
for Mechanical, Industrial and Civil Engineering at Carleton, McMaster, 
Ottawa, Queen's, Toronto and Waterloo), in accordance with the original 
announcement of the Minister that new graduate programmes would be embargoed 
until, for each discipline, a planning study has been conducted. 


Notes concerning the recommendations 


Re: Recommendations 1, 2, and 3 


The background to these important recommendations appears on pages 13 and 14 of 
the ACAP Report. 


Re: Recommendation 7 


Presumably the programmes submitted for appraisal will be the three 
divisional programmes which are replacing the departmental programmes. 


Re: Recommendation 16 


Other engineering discipline groups may also find this a valuable supgestion. 
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Recommendation 19 


This differs from the recommendation in the ACAP Report because the University 
subsequently decided to carry out a re-assessment of the eUrURS diréction 
of the department. 


Recommendation 25 


Queen's has reported fo COU its intention to one its programme in extractive | 


metal lurgy.. 


June 7, 1974.— 
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Report and Recommendations 
concerming Doctoral Studies 


sin Engineering ~- Part TI 
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As Part I of this report indicated it would, this part deals with mechanical 
engineering and industrial engineering and systems design. Civil engineering 
will be dealt with in Part III. 


The ACAP reports on mechanical and juduckeial ‘engineering were debated by - 
COU on June 7, 1974. As a result of these discussions, Part II of the Report 
and Recommendations was prepared and. approved by Council on September 6, 1974. 


The principles, general observations, actions by COU and recommendations 1 - > 
given in Part I apply generally and therefore have application. to mechanical 

and industrial engineering. Similarly Recommendations 6,7 and. 8 deal with 
doctoral work in engineering at Western Ontario, Windsog ang Guelph, and, although | 
the consultants’ reports in mechanical and industrial engineering will be of 


value to these universities,. no recommendations for them follow. 4 
Mechanical Engineering ‘ 


“This section deals with doctoral work in mechanical engineering at Carleton, 


McMaster, Ottawa, Queen's, Toronto and Waterloo. 
It is recommended that: 


29, ’ Carleton, McMaster and Queen's Universities continue their doctoral 
programmes in mechanical engineering and during the coming year 
give careful consideration to the feasibility of a stronger - 
development of foci of interest in the special areas of strengths 
suggested by the consultants. The Universities are requested to 
report to COU and OCGS, through ACAP, during the Fall of 1975, on 
the results of these considerations. 

30. If the University of Ottawa wishes to reactivate a doctoral programme 
in mechanical engineering, it give careful consideration to the 
need for the department to hdve suitable industrial and research 
experience before applying for appraisal. 

31. The University of Toronto continue its doctoral programmes in 
mechanical engineering in its Department of Mechanical Engineering 
and the Department of Aerospace Studies and Engineering. The 

, University should consider the consultants’ recommendation 
of a greater concentration of research activities of the Department 
of Mechanical Engineering on major problems of national concern. 
It is recommended that the University inform COU and OCGS through 
ACAP, during the Fall of 1975, of any decisions taken. 
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32. The University of Waterloo continue its doctoral programme 
in mechanical engineering. The University should ; 
consider the consultants’ recommendation of a greater concentration. 
of research activities on major problems of national concern. It 
is recommended that the University inform COU and OCGS through 
ACAP, during the Fall of 1975, of any- decisions taken. 


a « 


Industrial Engineering and Systems Design. 


This section deals with industrial engineering at Toronto and systems design 
at Waterloo. 


a 


It Fs recommended that: 


33. The University of Toronto continue its doctoral work in human factors. 
engineering, management information systems: and operations research. 


34. The University of Waterloo continue its doctoral programme in 
Svstems design. | 


Notes: Re Recommendation 33 


Oe 
‘ 


The University of Toronto is advised to expect about the same enrolment in 
doctoral work in industrial engineering as it now has, at least until qpch 
time as some new field of specialization may be approved. 


Re Recommendation 34 
F 
The University of Waterloo is advised to give careful attention to the 


consultants’ recommendations for strengthening its systems design doctoral 
programme before allowing the enrolment to grow. 


x m t 


August 27, 1974, 
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For each planning assessment (Chemical, Givil, Electrical, Mechanical, 
Metallurgical, and Industrial) there are appended: 

Appendix A - Consultants’ Report 

Appendix B ~ Discipline Group Response 

Appendix C+ University Comments 


Appendix D - Procedure of Planning Study and Terms of Reference 
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Appendix Discipline Group Membership 
Appendix F - Roles of ACAP and of Discipline Groups 
Appendix © - Curricula Vitarum of the Consultants 


Appendix Ho - CODE Response 
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I. RECOMMENDATIONS 


General Recommendations 


cl 


it is recommended that COU abandon the quota of 450 doctoral student 
enrolment in 1974-75, and plan on roughly the present enrolment for the 
nest five years, assuming greater interest by Canadian students in 
engineering graduate work. If this interest does not materialize, the 
enrolment will undoubtedly drop. In any case, it is recommended that 
CQDE be asked to report annually to COU on enrolment and employment 
opportunities. 
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it is recommended that steps be taken to inform potential candidates of 

the value of a PhD in many phases of government and industry, not .only in 
research and development. The universities, individually and collectively, 
through agencies such as CODE, should discuss with the industrial and 
governmental employers steps to be taken jointly in’ order to overcome the 
shortage of Canadian students. 

C3 

lt is recommended that the universities maintain the situation where 
Canadians and landed immigrants constitute at least 70% of the doctoral 


enrolment in-any pregramme, at any one time, even though the number of 
landed immigrants may_ decrease. 


Tt is recommended that the universities, the provincial government, and 
granting agencies consider the remarks of the consultants and examine 

the extent to which the limit to student income deters Canadians from 
entering graduate work. Means of supplementing the income of professionally 
experienced students should be examined; increased contacts between faculty 
and industry could lead to increased industrial support. 
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It is recommended that each Discipline Group monitor annually the admissions 
experience of each programme (post facto) and report on the quality of the 
admitted students to ACAP for transmission to COU. 

6 

It is recommended that all doctoral thesis examinin; committees should 

have an examiner external to the university. 
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It is recommended that each Discipline Group and CODE develop proposals 
for making information on graduate work in all Ontario universities 
readily available to the engineering students, in some collective way 

and inform ACAP of the action taken. Each Discipline Group should report 
annually on the university last attended by the graduate students in 
each department. 


It is recommended that at the present any part-time or non-resident 
doctoral work should be by individual <«rrangement and that experimentation 
in this type of programme be encouraged. It is also recommended that 

the research topic of the student accepted on a part-time basis be in a 
field in which the professors in the department have expertise. It is 
recommended that OCGS examine existing university guidelines in this area. 
cy 

It is recommended that the universities report to ACAP (for OCGS) each 


vear on the time taken by each graduating student to complete his 
doctoral studies. 


University Recommendations 
clo 


lt is recommended that the University of Western Ontario continue its 
examination of its PhD programme in engineering science, and put forward 
the resulting programme for appraisal, in particular delineating 
carefully the areas of research in which it feels it appropriate to 
accept students. In case a favourable appraisal is not obtained by 
Uctober, 1976, admission of new students should then be suspended. 
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It is recommended that the University of Windser continue the reorganization 
of its doctoral work in engineering and submit all programmes (presumably 
these will be the three divisional programmes which are replacing the 
departmental programmes), for appraisal when the new system has been in 
operation sufficiently long to permit a valid appraisal. Enrolment of 

new students should cease after Uctober, 1977, if a favourable appraisal 

this mot been obtained by that date. 
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It is recommended that the involvement of the School of Engineering in 

the hydrology doctoral programme at the University of Guelph continue and 
that the University begin doctoral work in agricultural, engineering at a 
time in accordance with the University's plans, subject to normal appraisal 
procedures. , 
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Chemical: Engineering 
La 


it is recommended that the departments take note of the consultants' 
recommendation 10 to group research activities in well-defined areas 

so as to establish or reinforce teams, thus providing a more stimulating 
environment for students. 
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It is recommended that McMaster University continue its doctoral work 
in chemical engineering according to its plans. 


CLs 
It is recommended that the University of Ottawa continue its doctoral 
programme in chemical engineering according to its plans. 
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It is recommended that Queen's University reevaluate its doctoral 
programme in chemical engineering in the light of comments made by the 
consultants concerning research activity of the faculty, the grouping 
of research areas, the awareness of new trends in the discipline, and 
the mobility of its bachelor's graduates, and submit the programme for 
appraisal at the time that the University considers appropriate. If a 
favourable appraisal has not been received by October 1976, enrolment of 
new students should be suspended at that date. 


C17 

Tt is recommended that the University of Toronto continue its doctoral 
programme in chemical engineering according to its plans, paying particular 
attention to Recommendation C7 regarding mobility of its graduates and to 
Recommendation C13 concerning grouping of research areas. It is recommended 
that the University ef Toronto report to COU through ACAP by June, 1975, 

on action taken in regard to this Recommendation. 
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It is recommended that the University of Waterloo continue its doctoral 
programme in chemical engineering according to its plans. 


Civil Engineering 
C19 


renee 


It is recommended that CUU recommend the continuance of the embargo on the 
funding of any new programmes in civil engineering until COU has accepted 
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a Dinctpling Croup report dealing adequately. with the cee role: of - 
each department in respect to the different fields of doctoral: research, | 
_.. paying. particular attention to the relative strengths and weaknesses of | - 
each department ‘and: the: “change. in emphasis on fields recommended by the) °° °%- 
- consultants. the: hee should be submitted to ACAP by! December ee 
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It is ae ee that. the Discipline ae anaually ddentity those. 
areas | of eleetrical engineering. which they consider relevant to the. 
‘present and future needs of Canada and make their findings ‘available. 
te the granting agencies and various associations of: industry din order: 
to stimulate a ‘continuing dialogue with industry. 


“C21 | 
It is recommended that C Carleton University ene tate its dactaca® work 
in ehpctehes? engtones ths Becesdtng | toe eae s plans. 
Oe 


It is recommended that McMaster University continue its doctoral work in 
electrical engineering according to its plans. 
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It is recommended that the University of Uttawa continue to offer a 

doctoral programme in electrical engineering restriéted to theses in 
digital communication systems and large-scale systems. This limited 
programme is to be appraised as secon as possible. Enrolment of new students 
should cease as of December, 1975 if a favourable appraisal nas not meen 
obtained. 
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It is recommended that Queen's University continue its programme in electrical 
engineering concentrating in the communications and systems fields, with 

. occasionally a student in cognate areas of electronics and energy processing. 
Any proposed substantial developments in these latter two fields would be 
submitted for appraisal. -It is also recommended that the Sepaccmene: maintain 
enrolment’ at its present level. 
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it is recommended that the University of Toronto continue its doctoral work 
in electrical engineering according to its plans. 
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it is recommended that the University of Waterloo continue its dectoral 
work in electrical engineering according to its plans. i, aa 
Mechanical Engineering 
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“Ttis recommended that Carleton, McMaster and Queen's Universities: continue - 
' their doetoral programmes in mechanical engineering and during the cvominy 


year give careful consideration to the feasibility of a stronger development  ‘ 


of foer of interest in the special areas of strengths suggested by the: 
consultants. -The Universities are requested to report’ te COU and oCUs, 


* 


through ACAP, during the Fall of 1975, oh the results of these considerations. | 


428 


It is recommended. that, if the University of Ottawa wéshus to reactivate 


‘a doctoral programme in mechanical engineering, it give careful consideration 


to allowing some further maturing of the department before applying for 
appraisal. 
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it-is recommended that the University of Toronto continue its dectoral 


programmes, in mechanical engineering in its Department of Mechanical 
Engineering and the Department of Aerospace Studies and Engineering. 


~ACAP suggests that the University consider the consultants’ recommendation 


of a greater concentration of research activities of the Departirent of 
“Mechanical Engineering on major problems of national concern. it is 
recommended that the University inform COU and UCGS through ACAP, during 
the Fall of 1975, of any deeisions taken. 


co 


ft is recommended that the University of Waterloo continue its doctoral 
programme in mechanical engineering. ACAP Suggests that the University 
consider the consultants’ recommendation of a greater concentration of 
research activities on major problems of national concern./ Lt is 
recommended that the University inform COU and OCGS eheauch ACAP, during 
tue Fald of 1975, of anv decisions taken. 


Metallurgical and Miterials Engineering 
(23h oe 
it is, recommended that the universities take note uf the consultants!’ 
recommendations 1, 2, 3b and 3c, dealing with the weakness in certain 
fields uf study in the province and that the Discipline Group report 
Po CAGAP Con any action taken in consequence of these recommendat ions. 
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it is recommended that McMaster University continue its doctoral 
programmes in materials science and extractive metallurgy, and noting 
the strength attributed to these programmes by the consultants, make 
a rupert in the fall of 1975 on the following suggestions for” 
improvement: . iy Ba ; 


ae recruitment of. students with physics and chemistry backgrounds 


he. “strengthening of the extractive metallurgy faculty . 
-- > bea eRe Oe aaa ‘a , ‘ ‘ wf 
-vs  eollaboration with Toronto. . P 
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Lt. is recommended that Queen's University continue its docteral work 
in physical metallurgy and discontinue the doctoral programme in a 
extractive metallurgy and mineral engineering as it now exists and replace 
it by an enlarged programme involving professors in other departments as 

_ suggested in the consultants’ report. This new programme should be 
appraised and this should be completed by December 31, 1976. Lf. Queen's 
dees net wish te enlarge its programme in extractive metallurgy ‘and mineral 
engineering, the present programme should be put forward immediately for 
appraisal, ceasing to enrol new students by June 30, 1975, if a favourable 
aypnraisal is not obtained. 
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It is recommended that the University of Toronto continue its doctoral 
programmes in its Department of Metallurgy and Materials Science. It is 
augrested that Toronto give careful consideration to the consultants’ 
recommendations concerning broadening the programmes and it is recommended 
that the University report to COU through ACAP by September, 1975, on any 
‘progress made in this direction. 
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It is recommended that the University of Watertoo continue its engineering 
doctoral work in extractive and process metallurgy and in metallurgical 
encincering and materials science according to fits plans. 
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Tt is recommended «that Queen's University continue its doctoral work in 
mining engineering in accordance with its plans. | 
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od Industrial Engineering and Systems Design 
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It ‘is baccnnended that the University of Toronto continue its doctoral 
‘work in human factors engineering, management information ‘systems and 
oe research. ‘ 
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‘It is. recommended -that the University of Waterloo continue its do®toral — 
_ programme in systems design, 
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TZ. BACKGROUND AND PROCEDURE 


“In June, 1968, the Committee of Presidents of the Universities of © 
Ontario, after a meeting with the chairman of the Committee on —- . 
University Affairs, decided that a comprehensive review of engineering 
education in Ontario should be undertaken. The Committee of Ontario 
Deans ‘of Engineering (CODE) was* requested to draw. up plans for such 

"a. study, and this proposal. was. approved .by . the. Committee. of Presidents — 

on November 15, 1968. The objective was to create a master plan which 
could be used as a guide for rational growth of engineering education 
during the 1970"s. Pete plan should endeavour to. provide for the 
highest attainable quality, the best use.of resources, opportunity . 
for innovation, and eerie freedom of choice. for students. 


This study culminated in the report Ring of Iron prepared by a commission 
a _ chaired by Philip Lapp. . 


The report was received by the Compt eres of Presidents in January, 1971. 
A process of review of the report's recommendations was established, 

CODE prepared a brief based on statements of views submitted by 

“each university concerned and by each Faculty of Engineering. ~ Briefs 
were prepared also by the Ontario Council on Graduate Studies (occs) ’ 
and the Association of Professional Engineers of Ontario. On 

October 5, 1971, the Council.of Ontario Universities (COU) considered 
Ring of Iron and the briefs and prepared a statement of recommendat ians 
to the universities and to CUA. | 


COU accepted a number of the Lapp recommendations without change, others 
with amendments and rejected some. . Broadly speaking, the recommendations 
to do with undergraduate matters were accepted or modified slightly. ool 
The graduate area of the report was more controversial, but here also ; 

some recommendations were accepted. The most significant of the 

recommendations concerning graduate study, as approved by COU, are: 


"The criteria of acceptability of graduate degrees in engineering 
should be recast in order that a thesis based on design or 

systems synthesis may be suitably assessed. This could anvo hve 
che establishment of a new degree at the doctorate level." 


"Both universities and industries should recognize joint appoints 
ments as part of the career structure of their senior staff; 
these appointments should be increased as far as possible..... 
By this wo understand a system of part-time appointments." 


“Over the next two years the estimated graduate enrolment of 
2,000 full-time equivalent students for 1970-71 be reduced 
by 17%, after which praduate enrolment should be limited to 
a number equal to the previous year’s bachelor graduations. 
. The enrolment figure applies to the engineering, Coens 
- a8 identifed in Ring of Iron”. , 
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"The recommendation that the number of PhD students enrolled 
be reduced to 450 per year is fully supported by all EMSNEe 
including COU,. However, COU, along with CODE and OCGS, - 
recommends that the figure of 450. be the target for 1974- 4% 
‘Yather: than for'1973-74, for reasons related to avoiding: — 
- Large fluctuations in enr- iment as explained 1 in the oces mT 
ee ato Bee te iedraa, utah Miu: ie i : ‘ 


. “the Lapp - report recommends specific numbers of PhD enrollees __ 
> foreach of the-universities including discontinuance of the © 
PhD enrolment in certain universities... COU feels that the 
reasons for the numbers chosen. or -for the elimination of 
certain | doctorate programmes, are not. fully documented in the 
Lapp report. COU also agrees with CODE and OCGS that 
attention must be given fo. the r-mbers of doctorate 
. enrollees by discipline as well -as by- university. For 
these reasons COU recommends that for the year. 1972-73 
doctorate enrolment. be. reduced in gach university below ,. 
. the projected figure for 1971-74 by.a pro rata percentage 
'"* "in order to provide 612 doctoral candidates (the number 
required to achieve the target of 450 in 1974-75). Pre- 
liminary acceptance of. the OCGS method for reducing. PhD 
enrolment (by limiting new PhD enrolments to achieve a 
total system number of 450 by 1974-75) is based on plans for 7 
discipline planning assessments respecting PhD programs te 
be initiated immediately and completed as rapidly as 
possible. Such assessments will. be carried out by. ACAP |. 
in cooperation with CODE; they are to incorporate capability, 
demand and quality correlates, and are to be used to provide 
specific recommendations on changes for the total PhD - 
enroiment, and for. the division of the enrolment amongst 
un’ 2rsities and amongst disciplines. The assessments are 
to incorporate a review of the effects of the pro rata 
reductions ir. 1972-73, and to recommend a mechanism for 
on, continuing rev.ew of PhD enrelments.” 


On receipt of this instruction from Col, ACAP and CODE established - 
Liasion committee (Ayers, Dillon, Ham, Joluson, Shemilt, McIntosh, fcoven) 
which. drafted procedures for the assessments. It may - noted that 

the committee considered a model in which the assessments were based, 

not on the five traditional departments found in engineering faculties, 

but rather on Interdepartmental areas of research: the practical 
difficulties of conducting the assessments led the committee to 

recommend the five-fold subdivision actually used. 


The procedure developed in this way was approved by ACAP on March.1i7, 1472, 
and by COU on April 7, The procedure (except for minor data amendments) 
is that in Appendix D to this report. In writing to indivate its 
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-approval CODE expressed. their indetetanding: ae ‘two objectives would 


be met: : 
i To provide a- ‘tational haste tor doctoral work ‘in engineering 
and. for confirming. ar past yams: the Aimitation. on eT nee 
_ “suggested es apps 


ee Randuct: a sally, oreecetue. assessment of the quality of 
our current doctoral a ' 


CODE went on to. emphasize the. net of adequate resourcés to obra bic 


best consul tants. 


tn order to begin’ the  ptanniae aeheaswents; che: sche Gone Hiaeiter. 


committee called a meeting of members of the five Discipline Groups - ‘ 


' (Chemical, Civil,. Electrical, Mechanical, and Metallurgical Engineering). . 


This meeting on April 12, 1972, indicated a good deal of faculty 
resistance to the conduct of ‘the planning assessments and. uneasiness 
about some ‘perceptions of some aspects of the approved procedures. 
This resulted in a delay in mounting the assessment. CODE suggested - 
a Coordinating Task Force, consisting of two members of CODE, the 


- chairman of each Discipline Group, and a member of ACAP could review 


the procedures. ACAP advised COU to agree to this request and the . 

COU executive did so on June 9, 1972. This Task Force held meetings 

en June 29, July 27, September 1, September 25, November 29972 and 

March 19, 1973. It suggested two slight additions to the procedures 

as approved earlier by COU, These were approved by COU on\September . 1972. 
The Task Force also produced a document clarifying some aspacts of the’ 


procedure -in detail, and a statement of some educational philosophies 


concerning doctoral study. These documents are referred to jn the 
terms of reference of the consultants. - The Task Force also advised 
ACAP (and so did universities) on how to take into account for planning 
purposes those doctoral programmes in Faculties of Engineerjng which 


did net fall obviously into the fields vanes <a 
consulting teams. It was eventually decided that: 


a) both the metallurgy and the mechanical engineering consultants 
would be asked to consider the metallurgical work within the 
Department of Mechanical Engineering at Waterloo 


b) no advice from extemal consultants would be sought on the aQErOrds 
programme in mining engineering at Queen's 


¢) a small-scale “planning assessment" involving two consultants would 


_ be carried out in industrial engineering and systems design 


d) in view of the fact that all current doctoral students at Cuelph are 


in hvdrology and that the field of agricultural engineering is also 
proposed, the civil engineering consultants would be asked to cansider 
the Guelph doctoral work, with the understanding that if they so wished 
ACAP would facilitate a consultation for them with someone in a 
department of agricultural engineering: 
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ACAP agreed to this suggestion, provid 
‘incorporated reference to the study into the instructions for the . . eo 
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yo the: ‘mechanical “engineering” ‘eongultants: be: asked ‘ to- “rongider tie: 


doctoral work at the University of Toronto Institute of Aerospace 
Studies and in aeronautical engineering at Carleton, with the . 
' request that they consult also with another of the ACAP. consultants 
-. fon the Electrical | Engineering team) who h expertise ‘in some of ~ 
the UPIAS work outside mechanical engineering and also with an 
ae specialist os ee ee cpp) thee dus 
f) advice on the. future plans of the Department. oF Management Science 
‘at Waterloo would be sought. from the. consultants -in -the planning - 

_ assessment. ‘in Administration, Business. and Management Science, 
with a comment also provided by. the consultants on industrial 
Siebert: 

g) no anctial. aveaipenente: were -nethed: in moanection vith Simpesicst 
engineering at Toronto since. the corresponding institute has no 
graduate programme of its own, and the future doctoral \plans are 

covered. in the statements from each of the paeocdahed departments. 


len £ will be dewie with: in a jatar penott: The Penuindex are 


‘covered in this report. The mechanical engineering consultants informed 
ACAP’ that they did, not require the assistance eeugeested in item e. 


in Seober: 1972, CODE proponad ‘that a “study be ‘carried Sues aader the 
aegis of the newly established Canadian Engineering Manpower Council, 


~ and with financial support from a number’ of agencies, in order to make 


recommendations about "supply. znd demand" for engineering doctorates. 7. 


this would-be expected to be of great. ere to the’ planning assessnient$. 
funda towards the costs, and 


consultants. In the event, the study proved rather re eee it 
{s discussed later in this report. ae 


As a result of Suwgewttons fon the Discipline Groups and after receiving 
comments from the Coordinating Task Force and from CODE, ACAP agreed on 
consultants at its meetings of September 7-8, October 13 and December 18, 
1972, The consultants who finally acted were: 


vhemical Engineering: Dean P. Grenier of Université Laval, 
Dean W. RK. Marshall of the University of Wisconsin, 
Professor L. Yaffe of McGill University 


wivil bagineering: Professor W.W . Eckenfelder of Vanderbilt University 
Mr. B. OV. Martin of Alan M. Voorhees and ; 
Associates Ltd., Professor G. G. Meyerhof of |. « 
Nova Scotia Technical College, Dr. J. Lh. Boulet 
of Hydro-Quebec. 

Lluctrical Engineering: Professor A. D. Moore of the University of British 


Columbia, Professor M. E. Van Valkenberg of 
Princeton University, Dr. M. P. -Bachynski of 
RCA Research Laboratories 
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Mechanical Engineering! |. Professor H.W. Emmons of Harvard University, 
ms . Cs Dean G. Ford of the University of Alberta, 


Dr..R. D..Hiscecks of the National Research | ~ we ht 


Council of Canada, Professor S.G, Mason of 


ee Ma ah ‘McGill University~ = © ° e252 eo . 
Metallurgical Engineering: Professor. J:J..Jonas of McGill University, 0:0. 
ss Professor T.B. King of the Massachusetts - 
eae _ | Institute of Technology, Professor W.S. Owen 
ee gee a ae Oe Northwestern University and M.1.T.. -. 


Dr, W.B. Lewis 


of Atomic Energy of Canada Ltd. 
Brief curricula vitarum appear in Appendix G. “Tn each case, the last named oe 
person played the role of a senior Canadian from outside the discipline. 


oot 


The consultants’ held-their first: meetings at various dates in April and 2 ow... 


May, 1973 and in each case met with the appropriate Discipline Group, 
arranged. the schedule of visits, discussed their character snd had 
.general discussion with the Discipline Group about the. task before them. 
. The visits took place in the two or three months following these meetings. 


The consultant teams each submitted a draft report in September, which was - 
the subject of oral discussion with. the Discipline Group at a meeting within -— 
_ a few days of the receipt of the draft. Each consultant team then sub- 
mitted its report. These reports were sent for comments to the tniversities, 
to the Discipline Groups and to CODE, each of which sent comments to ACAP 


“at various dates in November, December and January. =... 


“° § subcommittee of ACAP hegan consideration of the report to COU, before all 
- the comments were in hand and continued its work through March, 1974, reporting 
regularly to ACAP and receiving instructions. Early in ite meetings the 

’ gammittee identified some points on which further information and reactions 
-were required. iIn-particular, the need for fuller advice from the consultants. 
was felt in the cases of civil and mechanical engineering. Such further 

advice was sought, with resuits discussed in the relevant sections of this 
report.. ACAP also thought some further information would be helpful in 
connection with three of the universities and arranged meetings withvefficials 
ofthese universities and members of ACAP. 


Th's report is based on the consultants’ reports, the data collected for tke 
study, the universities' commgnt’s and supplementary material from some of } 
them, the Discipline Grou responses, and the other documentation referrad 


to in the procedures and’terms of reference. The report sets out recommendations 


for COU on dectoral work in engineering in Ontario for the next few years. 


As is required, ACAP presents this report directly to COU. it has also been 
transmitted for information to OCGS, CODE, and the Discipline Groups. 
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“released its report entitled Su 


“LLL... GENERAL REGOMNENDAT IONS 


This section of the: ‘ACAP - report ‘contains | recommendations that are 


of: general concern to all of engineering: | Some of, these recommendations 
have been ment Loned consistently. in ali the reports while others, — . i 
although, found in. only. one Peper» are applicable | £0 call doctoral eg 
PrOREs mmess * 


Enrolment and Manpower Forecasts ic 
In the summer of: 1973, ‘the Ganadian Enptaesr tan Manpower Courtcil 
sply and Demand: for Engineering Doctorates 


in. Canada. . This report was partly: financed by ACAP. and. was. given to all. 
the consultant. teams. prior to their writing of their reports. It 


“generally states. that the supply of engineers in the next five years will 


exéeed the: ‘demand. 


A summary of the comments made by the engineering consultants concerning 
this. report.shows that they all independently disagree with the 
projections made in the CEMC report. They believe there has been no 
overproduction of PhDs. to date and, in fact, there appears to be a- 


_ shortage of metallurgical PhDs. Each team believes that the need for 


engineers will not decline, as predicted by CEMC but that the overall 
demand will continue and tn actual fact, all but the civil engineering 


~consultants believe it will increase. 


ACAP. had originally intended - to: publish a critique of the CEMC -report.~ 


However, CODE in its repsonse to the engineering reports, Appendix H, 
has included a statement on this report covering all the points ACAP 


wished to make. ACAP'’s critique will not he reproduced, but we feel 


that the CEMC report is not an adequate basis for manpower planning in 


engineering. Since all tue consultants agree that supply will not exceed 
demand but perhaps rather the reverse, the question of supply of qualified 
stidents must be studied. The main problem will be attracting Canadians 
inte engineering graduate work. In 1972-73, of -the 518 F.T. iengineering 
Phos, 28.62% were Canadian, 53.3% were Lanced immigrants and fhe remaining 
13.35 were en student visas. i oie 

Chanves in the damier anese regulations make it harder to become a landed 
immigrant. Since one can no longer apply for landed immigrant status 
while in Canada, those that come on student visas will presumably return 
to their homelands. Coupled with this is another new regulation that 

1 teaching assistantship is no longer classified as a job, thus making 


it harder to obtain landed immigrant status, Consequently, ACAP 


feels that the percentage of landed immigrants in graduate work 
will-drop while the number of. students visas will increase. Financial 
support for people on student visas is scarce. There .are very few 
acholarsiiips or bursaries open to them but in engineering they may be 
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ce 
supported from contract funds, In any case, there will be funds for’ °-" ~~ 
oniy a few. Afthough Canada has a role to play in providing advanced 
technical education for the underpriviledged countries of the world, 
this should be kept to a reasonable level and should not exceed 30% — 
of engineering docteral enrolments. 9 | a ees 


ODL, on. page H-9- of. its response, states that ‘unless.the propertion  —_ 
of Canadian bachelor degree graduates choosing to. undertake PhD ‘studies 
changes. drastically, . the numbers of qualified applicants coming. forward 
will certainly decline’. There are suggestions that student stipends _ 
be increased. . We remain unconvinced that stipends need be any higher ~ 
‘in engineering than in apy other field, but there is one exception — 
and this is that-péople with substantial. professional experience 
returning to graduate study should be supported at a higher ‘level, 


ACAP_ is inclined to agree with the University of Waterioo's comment, ~— 
page G-29 in its response to the chemical engineering report, that the ~ 
best way of attracting Caradian students is a “change in the general 
atmosphere surrounding doctoral work in engineering in this country 
and to convince the brightest’ young Canadian students that-there are 
 whallenging opportunities for advanced work in Canadian industry". 
increased dialogue with industry as well as up-to-date information on 

jobs available would make the employment picture brighter | and more | 
alluring to prospective Canadian graduate students especially if the 
“number of industrial scholarships were increased and more interaction 
were seen to be taking place between industry and university. 


“This dialogue with inddstry ts needed tu’ ensure that- more Canadians 
continue in graduate work. If industry indeed has a place for the 
master’s or doctorate in engineering, more must be done to encourage 
_yood students to stay in university instead of taking a job after the_ 
bachelor’s degree. Industry in its hiring policies can encourage this, 


the chemical engiscering consultants £ commend that the universities | 
should endeavour to develop entrepreneurship in students. They feel 
“this is a quality so badly needed at present in Canada". 


It docs not seem as though Ontario will overproduce engineering PhDs in 
the next five years. The question is rather whether there will be enough 
qualified students. In view of this possible shortage, the following 
recommendations are made by ACAP. 


Rec ommemlation cl 


it is recommended that COU abandon the quota of. 450 doctoral 
student enrolment in 1974-75, and plan on roughly the present 
enrolment for the next five years, assuming greater interest 

by Canadian students in engineering graduate work, If this 
interest does not materfalize, the enrolment will undoubtedly 
drop. In any case, it is recommended that CODE be asked to report 
annualiy to COU on enrolment and employment opportunitics.. 


a 0. 
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it tw eormcadad “chat geese ‘be taken to earn, re a 
candidates of the value of a PhD in many phases of government 
. and. industry, not only in research .and development. The. 
_ universities,’ individually, and collectively, through agencies . 
-such vas CODE, should discuss with.the industrial. ‘and governmental | 
employers: steps to be taken jointly in order to overcome, the 
_. shortage of Canadian (students. . 


Gesenandieiea C3 
Rg is recommended that the universities maintain the situation © 
where Canadians and landed immigrants constitute at least 


70% of the doctoral enrolment in any programme, at any one time, 
even | pHeUS) the number of landed immigrants ‘may decrease. 


Recommendat ion C4 


It. is recommended that the universities, the provincial government, 
and granting agencies censider the remarks of the consultants and 
examine the extent to which the limit to student income-deters 
Canadians from entering graduate work. Means of supplementing the 
income of professionally experienced students should be examined; 
increased contacts between faculty and industry could lead to 

_ increased industrial support. 


Admissions 


ACAP dogs not support the view held by the electrical engineering 
consultants, namely that admitted doctoral candidates should have first 
cLiss standing and proven research ability. Many. students who graduate 
with high second class honours have become excellent research enginecrs. 
ihe usual minimum standard of the better departments is a high B and all 
the consultants agree that high Srandaeds cf admissions prevail generally, 


necommendat ion 5 
it is recommended that each Discipline Group monitor annually the 
adnissions experience of each programme (post facto) and report on 


the quality of the admitted students toa ACAP for transmission to COU. 


WDE agcees with ACAP on the annual post facto analysis of admission 


pe ractices (page H-3). The chentcal engineering. ‘consultants have suggested 


“that should it be found that students have been aceepted who, in the 
opinion of the committec, do not: fulfill the minimum requirements, the 
committee advise COU that a recommendation be made to the requisite 
authority suggesting no BIU be-awarded for that student”, ACAP does not 
feul this to be necessary at the present since regular reporting by the 
Discipline Croup should exert considerable pressure if an institution. 


ar 2 


repeatedly admits students of 4 low standard. 


Undergraduate-craduate Relationsittp 


Some consultants assert that. each. department should geovite. all” 

‘Levels of study: bachelor's, master's and doctoral. .Some go 50 far 

as. to sav that a doctoral programme in each department is essential. 
CODE, on, the other -hand, feels that what is important for a ‘good 
undergraduate programme is research and professional - activity by the 
faculty, and. that this -can-be carried forward without graduate. students, | 

although at present the research activity is most easily carried on) 
through. praduate programmes>(page H-3).. ACAP agrees with the posita 
stated by CODE and indeed applies it to all subjects, not only engin 
but with the comment that in many flelds it is. not. difficult fora.‘ 
professor to be active im research without. having graduate studeates 
We would point. out that the other position would imply that no department 
should exist unless it can operate an effective doctoral. programme, 

a view which we. find: impossible to accept. The absence of sufficient 

research and professional activity by professors would raise questions 
about the quality of a department and hence of tts undergraduate 
offerings, whether or not it offered doctoral work. 


nderi 


Thesis Quality 
“2 Reeommendation C6 


it is recommended that all doctoral thesis examining committees 
should have an examiner external to the university. 


Since some of the consultants have made reference to the make-up of 
examining committees ACAP would wish to endorse this PIMREAEe: of 
including an external examiner. 


Critical Size 


i anree with CODE that there must be sufficient range of interaction for 
the student and that the judgement as toe the presence of this interaction 
must inelude consideration of the involvement of persons outside the 
student's department and should include post-doctoral fellows and research 
assvelates as well as students. Although these planning assessments 

were vertical, as CODE suggests, each department was asked to state the 
extent of this interaction in its university. We agree that there is 

ne a priori reason why a small schvol cannot provide as satisfactory an 
environment as can a large school. The-question is not one of principle, 
but one of fact: does university A in fact provide the requisite environment 
for interaction for the average student in its department X? 


Most of the weasuleanta coneaymed this aueition carefully and: made specific 
comments but others provide no evidence that they examined the matter in 


(<) 
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any of the universities. While most agree that successful programmes 

can exist in small as well as large. departments, the consultants still 

expect. a wide. range of courses to be offered... This in turn requires a . 
“curtain number of students to make the courses economically feasible and 
Academica lity stimulating. oo 


Mobility of Students 


The ecbemical .engineering .consultants.are concerned. about .the lack of 
mobility of engineering students... They. do not consider it a good . 

educat ional experience .to study for ail. three degrees, the bachelor’ By 

the master’s and the doctorate, at the same university. Such a programme — 
~Teads to inbreeding. and. sameness and precludes any chance for the student 
to come in contact with different faculty, students, milieu and methods. 


one sometimes heata a professor accept this in theory, but eben £49 that 

in practice the student must not. be prevented from going to the university - 
of fiis choice. That view appears to us to be correct, provided the student's 

choice is made on sound academic. grounds, based on good information of 

the opportunities that are available te him, and taking account, of 

course, of the undesirable aspects of remaining in one university. 


Recommendation C7 


Ite is recommended .that -each Discipline Group and CODE develop 
proposals for making information on graduate work in all Ontario _ 
universities readily available to the engineering students, in some 
collective way and inform ACAP of the action taken. . Each Discipline 
Group should report annually on the university last attended by the 
graduate students in each department. 


- Part-time Programmes 


in 1972-73, 182 of the doctoral students studying engineering were doing 
ac on a part-time basis. 65% of these students were Canadians and 
tictier 32.5. were Landed immigrants. It would appear that these part- 
time programmes are being used by the profession to upgrade the skills 
al knowledge of its practising engineers. 


rhe consul fants seem divided on the issue of part-time programmes, some 
saving | ‘such undertakings shauld: be xarely encouraged" and others, 

“tuli encouragement should be given tio part-time doctoral programmes,” 

ACAP feels that there is a place foréthe part-time programme and that 

careful attention should be devoted to designing part-time programmes, 
bearing in nind the strengths of the departments. One of the dangers 

sometimes noted “fs that students become involved, under a part-time © 
eon ier a project in an area in which the full-time staff has 
limited expertise; this is not recommended. 


gg 
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at is. time that OCGS conduct..a review of this area.. 


Recommendation C8 


It is recommended-that at the present any.part-time or non-resident 
doctoral work should be by individual arrangement and that experi- — 
mentation in this type of programme be encouraged. .{t is also 
recommended that the research topic of the student accepted on 

a part-time basis.be in a field in which the professors in the 
department have expertise. It is recommended that OCGS examine 
existing university guidelines.in this area... < | 


Cooperat ton 
One of the main points that all the consultants agree upon is the need 
for increased cooperation both within and between universities. The — 


_ chemical engineering consultants found a need for increased inter- 


action hetween the engineers and the pure science faculties. Some of _ 
the other consultants felt the need for more communication and cooperation 
between the universities and industry and government. Lastly, more 
effective use could be made of the resources in the province if the 
universities themselves joined together in some form of cooperative 
endeavour . CODE endorses this last point quite strongly in its . 
response, page H-4. Sharing of equipment, discipline meetings and an 
interchange of credits for graduate courses are a few of the methods 
listed by CODE that are toe be encouraged on the way to making this 


_ cooperation a meaningful and workable venture. ACAP concurs with the 


statements made by the consultants and CODE and strongly supports their 
implementation. 


ACAP intends to request that each Discipline Group report regularly 
to ACAP on interuniversity cooperative arrangements. 


a 


al 
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/ Faculty 


“Two sets of consultants o enough disquieting evidence in the engineering 


faculties of the province te suggest that the requirements for a faculty 
member, cligible to supervise graduate students, should he reviewed and 
enforced. ACAP takes no posityon on whether or not there should be a 
separate Graduate Faculty, but there must be a mechanism to ensure that 
only those faculty with proven research ability and productivity 


supervise graduate students. 


Since this concern has been ee in other assessments, ACAP feels 


a 
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Time to Reach Degree 


The electrical engineering consultants were concerned about the 


length of time taken to obtain the PhD. As they pointed out, the_ 


average student at one university took 13-20 months longer to complete 
his doctorate than -his counterpart at another university. As a 
whole, they found the average time of study to be excessive. 


. Recommendation C9 


‘It is: ‘¢tcommended that the: universities report tO.  ACAP (foe. 
occs). each year.on the.time taken by each graduating student - 
to complete his doctoral studies. 
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_ TY.‘ UNIVERSITY RECOMMENDATIONS _ 


Engineering was ealte inte’ tive separate Sagéesnente. one fer each: Of 
the five traditional fields of engineering. Iwo universities, Western 
Ontario and Windsor, do not administer their doctoral engineering work 


aliens tause Lines but rather an an. interdisciplinary basis that cuts . : oe a 


“hor: zontally across. engineering. For. this reason, these two universities | 


oe. DEER dealt with separately and not as part of the more standard - a _ 


sapproasch evident in the five assessment reports... Similarly, Guelph also: 
is included in this section, Se a. | a. 


University of Western Ontario 


The University af Western Ontario Gecews to offer djodeeral work in 
engineering in 1905. Since the, twenty PhDs in Engineering Science 
have been granted. From the beginning effort has been made to emphasise 
its interdiseipl inary nature and there. has been a limited number of © 
areas in whach the student may.do his graduate training. Af no point. 
has a doctoral degree been piven in the so called traditional fields af 

‘ ongineering. - — 

There are seven main research areas in which a student may obtain a 
PhD in Engineering Science. They are 1. Geotechnical 2. Boundary Layer 
Wind Tunnel 3. Chemical and Biochemical Process Development and Design 

4. Material Science 5. Systems 6. Applied ‘Thermodynamics and 7. Applied 
Electrastatics. Environmental engineering aspects can be studied in 
4d) these, research ateas except Material Science. 


Western’ % response to the collective engineer ing picture gives the 1973-74 ~ 
enrolment as 29 °F.T. and 15 P.T. doctoral students. In the additional 
_iluta given to ACAP, 18 of the 37 current students' programme of study 
out hined were im the chemical engineering field, 8 were civil, ? mechanical, 
es in electrical and material science. 


* 


Spfing of wood quality. The systema ‘research’ area depends heavily on 
“hemical engineering. ACAP, therefore, concludes that the research areas 
chemical and Biochemical Process Development and Design, and Systems are 

af satisfactery quality. 


pag of 500 engineering consultants have provided evidence of that programme's 
an 


The metallurgical engineering consultants have recommended that the Material 

‘Sitience programme become a part of an interdisciplinary programme rather. , 
- than an exclusively material science one. This was in part based on the 

fact that the group is smali~and spends most of its time teaching at the 

undergraduate level. Thev are “carrying a large programme for a group which 

in suberitical in-size.". From the additional material supplied by Western, 

there is little evidence of interdisciplinary activity for students who 

naht be doing research in this area. ACAP concludes that this area should 

not he operating at. the doctoral level... 


, = 


oo The areas of mevhanfeal engineering doctoral. research work are. subsumed 


- ‘ é ‘ 


« 


- .tades the main research area, Applied Thermodynamics. The consultants 
“audndloate that the dectoral research connected with heavy water is of > 


good: quuiity but they raise very serious questions about the doctoral. . 
o WORK in acoustics. They feel this area should be restricted to work at / 
oe master’ s FeveDs Oo , a , . . . 


the. civel weaetiaebian eauasi toate: ‘did not: make ‘comparative judgements; ~ 
but from some of the phrases used te describe the Boundary Layer Wind 


Tunnel Laboratery such as “internationally known", ACAP has no reservations | oe 
“Tn recommending continuance ‘of doctoral work in this research area, even — 


' though tt appears to have Little interaction with other groups.. The 
civil engineering consultants told us nething about the Georgpenica! 
.area und we, therefore, had difficulty in recommending a position to be 


we i kent with regard to this field... 


et as last rusvarch area, Applied Electrostatics, is the most difficult te 


issess. The electrical engineering consultants have recommended dis- 


continuance of Che doctoral programme. They feel the students -are - 4 
getting too narrow a training in electrical engineering. We observe, 


however, that the students are not considered co be studying for a PhD 
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in electrical engineering, but rather for a general degree in engineering 
sekeiter. Althouftxthgre are only a few faculty members in this area, they are 


internationally known. The main problem would, therefore, seem to be 


the extent to which the doctoral training in this area is of an inter- 
disciplinary nature. From the data available toe ACAP, we are unsure. 


In the course Of discussions with representatives of the University of 
Western Ontario, it became clear that the Faculty is involved in a 
thorough re~examination of its doctoral programme. It is committed ae 

to the concept of an engineering sctence PhD but is reconsidering the | 
appropriate areus of research. While it is not entirely accepted by 
ACAP that all the activity is noticeably different from that in engineering 
departments elsewhere, we nevertheless believe that this intention of 

the Faculty should be encouraged. A.corollary is that it must be very 
careful about the research areas in which it accepts PhD candidates; we | 
have already commented on these and note the standard of ‘quality seems: * 
varlable. 


These considerations have led us te formulate the followIng recommendation. 
Beceneund ation co : | ae 


It is ucbmaandud. that the. University. Aes estern Ontario continue 
its uxamination of its PhD programme in epgineering science, and - P 
put forward the resulting programme fdr a praisal, in particular — o 
delineating carefully the areas of research in which it feels it 
appropriate to accept students.- in cuse a‘ favourable- appraisal 
is nut obtained by October, 1976, admission of new students 
should then be suspended. Bi 
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University of Windsor 


- karly in 1971, the Faculty of Applied. Sclence at the University of Windsor’ 


began te examine the structure of graduate programmes within the Faculty 

in order to improve their operation, avoid needless and costly duplication 
of graduate course offerings and to attempt ta create a greater cross” 

fertilization of research by involving faculty members from different- 
_engineering departments in various facets of a larger research plan. This 


 Ggamination led to the recommendation that Graduate ‘Studies be operated on 


a.divisional basis, with the seven undergraduate departments being , 
consolidated under three graduate divisions, namely Engineering Process 
ivsfgn, Structures and Systens. The three divisions would each elect a. 
chairman whu would decide on Gourse offerings and emrolment levels. The 
three chairmen, one elected member from cach division, one graduate studvat’ 
and the Dean of Applied Science form a Coordinating Committee to oversce 
and coordinate the wishes of the Divisions. THis plan was approved in 
Spring 1972 and is uow being implemented. 


Some of the traditional departments such as chemical and electrical fall - 
completely in one division. All the rest are split between two as can be & 
seen in the attached Table 1. . i se 
+ t ed 
fhere are nine identifiable research areas, each of which have, participating, 
faculty from at least two of the old departments and these nine afeas are’ 
“in turn divided fairly equally among the three divisions. = 


The degrees awarded will retain the vld“titles, for example, a PhD in 
Chemical Engineering, but the interaction of thé individual student with 
Gthers in the Faculty will be greatly enhanced. Depending on his Tesearcly 
topic, the student might take as many as half‘ his courses from professors — 
in ‘othe departments’. © -o68tes 2 ee vce pe tee . 

fhe consultants’ comments concerning Windsor vary, but a number of their 

reports imply some doubt\ or uncertainty concerning the relevant departmental 

programme, either with respect to the situation at the time of their visit, 

or in connection with its future dérection. The. chemical engineering : + 
- vonsultants suggest that Windsor be reviewed in greater depth. The metullurgical 

engineering consultants recommend the integfatiion of engineering materials a 

faculty in the new divisional system. The mechanicai engineering ecansultants | 

sall for more emphasis on master's work. In the case of electrical engineering | 

the consultants indicate that good work is now being done in doctoral education 

_in two fields, agree with the presemt plans for no significant growth in 
SKonrolment and for no expansion of fields, and go on to recomend a review 

after five years. a : a < 

in view-of these considerations ACAP “feels the University of Windser should 

be given time to produce a viable interdiséiplinary system of docteral : Pe 

engineering studies beforé that system is brought forward for appraisal. ihis 

appraisal would determine the level of quality in the new divisional system 

and whether or’not significant interaction has been achieved between Che 

staff and students of the various departments. 
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Recommendation C11 


It is recommended that the University of Windsor eontinse the 
_. reorganization of its doctoral work in engineering and submit | 
all programmes (presumably these will be the three divisional 
programmes which are replacing the departmental programmes), 
for appraisal when the new system has been.in operation. 
sufficiently long to permit a valid appraisal. Enrolment of 
ew students should cease after Octoher, 1977 if a favourable > 
appraisal has aot been obtained by that date. oo 


University of Gueiph 


The University of Guelph has for sometime offered an interdepartmental 
PhD programme in Hydrology in which {ts Engineering School plays a part. 
Ic also plans to develop doctoral work in agricultural engineering, . 
which it already offers at the master's level. There are no other 

- programmes in agricultural engineering in the province. 


the matter of the interdepartmental programme would appear not to be 

central -to this assessment. Lt would net be inappropriate for the 

Civil Engineering Discipline Group to keep’ this programme in mind 

when carrying out the study called for 4n Recommendation C19. Nevertheless, 
{t seems unnecessary to await the Discipline Group report to make the 
recommendation which follows.* 


From the planning viewpoint, there seems no reason to do other than 
“accept the University's intention to begin doctoral work in agricultural 
- engineering, whenever it feels the time-is ripe and .the .proposal .has. 

passed appraisal. 


Recommendation C12 _ 


“It is recommended that the jinvolvement of the School of Engineering 

-in the hydrology doctoral programme at the University of Guelph 
continue and that the University begin dectoral work in agricultural 
engineering at a time in accordance with the University's plans, 
subject to normal appraisal procedures, oe 4 44 


—— 


* it may be neted that Cav did not accept Recommendation C19. 
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V. CHEMICAL ENGINEERING _ 


Vids section af the ACAD. report will deal with the recommendations found 


sim the chemieal engineering consultants’ report. There will be no... 


QO 
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‘reference mide to Western or Windsor since these two universities weru 
. mentionud in.a previous section, It is important that the consultants! 
 repert and the university and discipline group responses be read | at the 


padi time ax this ACAP report. 


een eer 


tt is recommended that the departments take note of the consultants’ 
revomuundation LQ to proup research activities in well-defined areas 
sous to establish or reinforce teams, thus providing a more 
stimulating environment fur students. 


Recommendation CLs 


It is recomended that MeMaster University continue its doctoral 
work in chemical engineering according to its plans. 


McMaster specializes in precess simulation, waste-water treatment, polymer 
visinesring, chemical reaction engineering and catalysis, and transport 


.aind separation processes, with stronger emphasis on the first two areas, - 
The consultants feel that MeMaster's goals for the future are "realistic" 


and appear ta he “achievable and productive”. 


Avcoupendation (i 


te is Pecommended. that ne Univaretes. ae. Obtawe continue ‘tee 
ductoral programme in chemical engineering according to its plans. 


The Universiry of Ottawa specializes in three main areas including. 
thermodvuumics and transport properties; kinetics, catalysis and reactor” 
engineering; and transport processes. There has recently been a shift 
towards a greater environmental emphasis. The consultants encouraged 
tttawa ic keep up with changes. in the areas of research .and graduate: 
teaciing and move into these new areas whenever possible. 


aecommendat tom Clb 


it is recommended that Qteen's University reevaluate its doctoral. 
programme in chemical engineering in the Light of “comments made by 
the consultants concerning research activity of the faculty, the 
srouping of research areas, the awareness of new trends in the 
discipline, and the mobility of its bachelor's graduates, and submit 
the proyramme fur appraisal at the time that the University 
considers appropriate, If 2 favourable appraisal has not been 
received by Uctober 1976, enrolment of new students should be 
sispemdud at. that dates... --2.-.0 5 + +s24 
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arvast biochemical and environment engineering, chemical kinetics ‘and | 

feacter design, process control and simulation, thermodynanics, and) 
trunspurt phenvmena. These areas cover most of chemical engineer lag” + © ee 
sitestage Bn making a rather uniform distribution of uffort. The publication gerords | oe * 
vos, of only two professors are very good, all the rest being averiige ‘or low. © 
Joo. ). 7 thas raises questions as ¢o the activities of the faculty since their o” 
oe oo gunnections with professional and scientific. secieties can bé described . 
we a tonty mildly active. The consultants feel alarm at the number of os 
Queen's bachelor's graduates who undertake graduate work at the same 
iustitution. : i fk 


wrowy blocheniea specializes in the following five doctoral reseatich’ - 


On the optimistic side, Lite consultants note that “the very excellent 

development planning and programme forecasting suggests that the 

department's goals and future résearch activities will be relevant and 
responsive to the prevailing needs of the province”. 


ACAP suggests that Queen's might consider strengthening its present 
faculty, or alternatively, oit might°consider consolidating its existing: a 
vide scope of research areas. As to inbreeding of students, AGAP draws 
Queen | a attention to Recommendation C7. r = 
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eat Recommendation Ch? | cs 
It is recommended that the University of Toronto continue its 
doctoral programme in chemical engineering according to its plans, 
paying sala eeg attention to Recommendation C7 regarding 
mobility of fis graduates and to Recommendation C13 concerning . 
grouping of research areas. It is recommended that the University 
of Toronto report to COU through ACAP by June, 1975 on action taken 

. in regard to this Recommendation. — — tn Se 


a The Eniversity of Toronto Lists. eight. areas of specialization, all of which 23 

| show a rather uniform distribution of faculty effort. The exception is a | 
marked emphasis on applied chemistry. The consultants would Like to see an 
effort to group the staff in given areas of research instead of the present 
policy of allowing a staff member “to select his. own path". The consulfants 
did not find Toronto's statement on its plans particularly helpful and. they 7” 

atfered nu comment on it, other than. to say that “it is doubtful whether . 

any increase above the present enrolment would be beneficial to these new 
students or to the student body as a whole’. The University of Toronte should 
abso encourage mobility of its graduates to the benefit of other departments 
and of the students alike. — TS . 


-Keconmendat ton C18 


it is recommended that the University of Waterloo continue its. 
doctoral programme in chemical enpineering according to its plans. 
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ete: Univccsiey: ‘gt: Gatertoo has Srauped its sencarch sctivaty: inte: five 
“areas including biochemical and food engineering, extractive and. process 


"aetallarsy, polymer seience and engineering, mathematical analysis and 

. Control, and-transport processes and kinetgcs. The scope is wide, - 
“cavering a large part of chemical engineering but, there eracdatiicd: 
lgroups, to.courdinatu the programmes... Although the consultants considered 
‘the: statement of goals and objectives “less positive and definitive” . 

oy OAD others, they were pleased to note Waterloo's intention "to.ensure. 


-festarch activities by the use of more post-doctoral fellows and. hired 


“faisearch assistants {non-degree candidates) if this should become necessary” 


4 a 
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VI. CIVIL ENGINEERING | 


the: ‘report “of the” civil eng inder ing: consultants: contains a number: of: 


sae ao oe APRS BEN: erp icig hig re a ae ctf aeiey, ae en alg A athe esta tea cae as : nai oe a ee eA i Ie : : . os £ } 
a eee elds a, TOP Pg Be Se re ae a Ba Sern Ue TAL AT ee hai oe On ae a Ee ee ee en ie Sc nc a ae cay 
+ me ae . . > ww ge Hi . we Te . . . * = , - : toe oes 


ae _ important recommendat ions of a ‘peeerst: character. : P co . ate 


heir discussion ‘of hie” manpower: situation Supports our. Recomuendatioa Che 5 
Ooo They suggest. that it would be wise to expect rather. fewer students than 
. c  the totalicy of the stated university plans. Considering the uncertainty 
_ '- of the manpower analysis and the size of che numbers. invelved, ACAP does 
~ (apt feel-ie desirable to -formalate any. recommendations. about. individdal 
. - enrolment. | ACAP does advise each) ‘university.te consider the Like] thoeod 
< that the dectéral enrolment. in civil engineering may fall-still further 
> amLess the fraction of Canadian students increases. substantially from 
cs its ptesent level of about 252. 


Lt Phade comments that the “study of a civil engineering speciality in depth | 
. .., necessitates increasingly...some graduate wark", reinforces our Recommendation 
J 2° concerning eeoenee ‘the ‘value of graduate work. ee 7 ce Bi Sigh 


Thev argue for more part- -time work and closer liaison with. lndustrial and 
* povernmental laboratories. Recommendations C2 and C8 touch on this point. 


The consultants on pages A-18 and A-35 express their concern that students 
tend to remain for graduate study at their undergraduate universities, 
often being unaware of offerings elsewhere. We make recommendations on 
this problem in Recommendation C7. 


The consultants perceive a.need for “more consistent requirements of 
acceptance....between universities”. Although we do not recommend the 
particular remedy they suggest we do make Recommendation C4 in this 
connection. 


un matters a apecktic to civil ensindatink; the ‘consultants Stress the need 
for more emphasis on fields other than structures. They call for less 
stress on “traditional areas, particularly structural engineering, and more 
stress on ultidisciplinary education,’ environmental. engineering, and” 
transportation", They suggest that “change of programme emphasis in civil 
engineering (will) lead to some growth in faculty when generally universities 
are expecting a fairly static period”. On pages A-49 and A-50, they quantify 

this shift by asking for a 20% reduction in doctoral enrolment in structures 
(i.e. a drop of about 15 students) together with a corresponding increase, 
roughly equally in transportation and water resources. Perhaps rather 
surprisingly they then suggest that no university should offer a new, fteld | 
at the ductotal level. (Un page -A-52 they also suggest that no. ee 
reduce “the range of its doctoral programmes”. ‘but on page A-51 they add 
“Gnless that university desires o-herwise".) 


The consequence of this stance, based on pares A-25 to A~29, is summarized 
in Table 2. . . 
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Universities - 


Carleton 
. NcMaster: 
“ottawa 
ots 
‘Toronto i 
* ertoe 
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CIVIL, ENGINEERING - 


Possible Congequences ae the ‘Condultance’ “Recommendations . 
a on Enrolment and Field Emphasis . 


es | a | 


{| Magnitude - 


- Water: ee 
ortation { of Enrolment 


Resources _ 


fGeo- 
[technical 


- Structures. - Trans 


i. 


LEGEND: R ~ reduce enroiment 
§ - static enrolment. 
I - increase enrolment 


‘NOTE: Guelph, Western Ontario and Windsor are not 


included in the chart as they are dealt with 
elsewhere. (See section on University Recommendations.) 
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“There are difficulties in accepting these recommendations.....For example, . 
> if (ine asks what the’ shifts of enrolment from structures would. be, ta... 


total. around 15, one comes.-up with something like: Carleton 2, McMaster 0, : 


- “etawa 3; Queen’ s 2, Toronto 4, Waterloo 4... Looking then at. transportation 
one -finds: docteral programmes at Carleton, Toronto, and Waterloo which might. 

davrease. by:2.0r.3 at, each -place. One has to ask if this is the best ways 00 
ty develop more high quality doctoral. work. Would d¢ bea better strategy | 


to oncourage Carleton, for example, to build a somewhat larger.group than 


“3-or 4 students? There is another.concern. Are ali the transportation 
groups of equal promise as places*to do doctoral work? If not, should) 
some. be- strengthened. wore than others?.. If.we teally believe in pennye~ 
"packet enrolments, could a fourth university perhaps enter this field?» 
- The cansultants" report provides ho satisfactory. discussion of these 
-- questions to justify its proposals. |. 


-“Fquad by unsaris factory, and perhaps more basically disturbing, is the. 
eonsaltants’ failure te give any discussion whatsoever (with. three small | 
- Ukeuptions) of the facts and feasoning which led them to conclude that all 
“Usisting programmes are satisfactory. This may be so, but the rationale is 
J. far from clear. As the appended correspondence (Appendix 1-te this section) 
shows, the consultants decline to discharge their terms of reference, in 
particular C3e and the paragraph following C3d. (See Appendix D). 


‘‘n particular, although the matter of critical academic enrolment size is 
-discussed in generally acceptable terms, in that the proposition is stated 
_..that there is no a priori reason to assume a small school cannot provide 
‘as satisfactory an environment for a PhD student as a big school, the 
consultants neither state the characteristics of 


uch an environment nor 

do they make any effort to show that it exists ig the several small 

programmes they examined. Although it is no doubt possible to make the 
justification in several cases, nevertheles Question must still loom 
unsettled as to the academic strength (from the potential students’ 

viewpoint) of several of the programmes, namely Carleton, Guelph, McMaster, 

and perhaps Ottawa and Queen's. (None has been appraised.) Of course the. 
consultants’ report, due to the lack of rationale in it, gives no reason to 
suppose that the larger departments are necessarily of suitable quality either. 


ACAP Vannot justify to itself recommending the acceptance of the consultants‘ 
plan, cailing as it does for static enrolment, small shifts of emphasis 

in fields, and no new developments in any department. We feel that the 
question of the best way to develop doctoral work in transportation and 
water fesources must be more carefully canvassed and that whatever the 
answer be it must be adequately justified. Some evaluation of the quality 

af the programme in each broad field at each university must be avatlable 
before we can make. anv credible recommendation. — 


ACAR would Like, at this point, to draw attention to the Discipline Group's 
rusponse, Appendix B. The members of the group feel the consultants did 
not “seize their unique opportunity to make quality judgements" and failed 


to “address themselves to the question of quality In the planning futict dun 


“Jia 


ke their cane ludioge and d eeecebiendations, "Y's The group. | thinks that a 


statement that “documents the sundry etrengths and weaknesses, if. coe - 


+ exist, could well increase the value. to these-on whom the- pesponsthitity... 


for planning udtimagely rests", ACAP therefore. makes, the foblowing . 
eecegmmpadat ions | . . 


| Recommendation c19. 


It ts. recomended. that. cou. teconmend the cont{auance: of. the. 
embargo on the funding of any new. programmes in civil engineering. 
until COU has accepted:a Discipline Group.reaport dealing. 

_ adequately with the future rele of each department in respect 

te the different fields of doctoral research, ying particular | 

attention te the relative atrengths and weaknesses of each 4 

department and the change in emphasis on fields recommended 

by the consultants. The report should be submitted to ACAP 

by December 31, 1974. 


~ We regret that this recommendation <é necessary. We note (page A-5) 


“that the Discipline Group had not prepared for the consultants the 


report called for by the agreed procedure {page D-6). We note also that the 


‘vonsultants state that they “have formed (their) own judgement about 
_.. the strengths of different civil engineering departments and the areas 
_. im which they are likely to be able to attract high quality students" ~ 
| \We regret that the consultants are not willing to share these judgements 


with the Ontario university community which employed them. 
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. Professor M.A. Preston \, | 
Executive Vice-Chairman «=. 
Advisory Committee on Academic. 
Planning - > = bl et 
Council of Ontario Universities 
102 Bloor Street West 
_ foronto MSS 1M8, Ontario” 


+S 
e 


Dear Professor Preston: 


Further te our recent telephone conversations, I have 
now heard from all my colleagues who fully agree with my 
letter to you of 4 December 1973. 


_. AS mentioned in this letter, we did not discuss the 
question of quality in our Report since none of the civil 
engineering doctoral programs were found to fall below 
minimum acceptable standards. 

Moreover, we did not feel the need, nor were we 
‘required by our terms of reference, to Make relative qual- 
ity judgements regarding the strengths or weaknesses of 
individual areas or departments, because in our Report we 
did not recommend any change in the number or the range 
of doctoral programs offered by any school, including the 
various areas of specialization of the smaller universit- 
tag. oe : . 7 


Since the civil engineering discipline group, as 
well as most universities, find our Report on the whole | 
acceptable, we think that little is gained by getting | 
into an area which might be interpreted as an. appraisal 
or accreditation assessment. 


Yours sincerely, 


; & weceyh of : ; 
« nite cle eyerhof, Head 
- Dept. of Civil Engineering 


lb a 
- @ ¢.c. J.L. Boulet | : 
“ERIC W.W. Eckenfelder 
— a BV. Martin 
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NOVA SCOTIA TECHNICAL COLLEGE 
i RO 80K 1600 | a 
- HALIFAX, N. 8. 


4 December 1973 


. Professor M.A.-Preston. 

«  Brecutive Vice-Chairman 
Advisory Committee on Academic 
o- Planning 
-. €ouncil of Ontario Universities 
-* $82 Bloor Street West e 

me Toronto MSS 1M8, Ontario 


3 re) , 
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near Professor Preston: 


After returning from the west coast, I found your let~ 
ter of 29 November and enclosures, which I read with inter- 
est. 


In reply and following our terms of reference, we had 
not discussed the question of quality in our report since, 
in our opinion, none of the civil engineering dectoral pro- 
aqrams were found to fall below minimum acceptable standards, 


Yt am looking One nee | to ane comments of my colleagues, 
in this regard. 


Yours sincerely, 


Xe Ada 
G. G. Meyerhof, Head 
Dept. of Civil Fngineering 


c.c. J.L. Boulet 


W.W, Fekenfelder 
~ RV. Martin 


ae a os Me a or a a bee 
ADVISORY: COMMITTEE ‘ON ‘ACADEMIC, PLANNING TERE 
Ontario Council on Graduate Studies - 


“, ‘ OOENCTE OF INT ARTOOOUNI, EE ASERLES, 
. Peakessor MI A Pre stn “ : 102 Hiner Street Woot peels Ants Chitasiss 
. What hoe is dusiesnan: a oe te SEL ARGS oe : 


Postal Code: ¥55 Hs: 


ovenbir sation 973 


Mr. 8. CY. Martin 
Prof. G.-Gs Meyerhof- - . 
~ Ptof. WoW, Eckenfelder, sr. 
. Dr. J J on Boulet 


i ca 


1a ‘am , cnolowtne. all the. university coments we have received on your planning. 
-° ‘gssessment report and the formal response from the Discipline Group. You wiil 
; ie that Lt is intended to publish these statements. 


7 You will see from the comments that there is considerable Witamst takachios in 
the universities and in the discipline group with your failure to come to terms 
oo. with your task of giving us your findings on the relative quality of the doctoral | 
os work in the different areas of civil engineering in the different departments, 
"We on. ACAP have to agree that one of the most important aspects of the terms of. 
reference you undertook is “~h2 statement of strengths and weaknesses of departments , 
and that without {t the report lacks credibility. If you are asserting that all 
Fields offered fur doctoral work are competently dealt with wherever they are 
offered, it will follow that civil engineering is a paragon amongst disciplines. ; 
Even if true, it does not help the universities to decide which areas to strengthen. 4 


in one of the few specific comments, you do suggest that McMaster should emphasize 
earthquake engineering. Do you think its work in water resources is strong enough 
that..i¢ should seek to expand or maintain that, or, when you recommend greater 
emphasis. on water resources, do you expect this to be achieved at Ottawa, Toronto, 
Waterloo and. Windsor for example? McMaster (and the others, would Like to know. 
You tell the University of Western Ontario to emphasize boundary layer wind tunnel 
work; but what about their geotechnique? Since Guelph now has 5 students in its 
hydrology programme, how can it be exploiting its unique facilities for agricultural 
engineering if its enrolment becomes 4 to 7? Is it expected to cut back on hydrology? 
Toe consider this, it would be necessary te know how valuable Guelph's hydrology work 
is and how pupecantset ds the potential of its agricultural eng sheeting programme. 
ek amention | thawte points only. as ‘examples of the kind of qucakion on which your adivee . 
- would be helpful. The general point is that your judgements of quality by department 
and by area are important. You recommend that transportation be strengthened; we 
ask, Where? .If all the departments say “here”, how are decisions about resource 
allocation to be made without the quality judgements you were expected to. give? 


oo) 
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‘One of the aspects: vf. seals quakipy. hak ta do. o. the Sige ot the student 

enrolment. You will see from the university responses that there is some | 
difference “of: opinion. ~ Ther official position of cod, recently adopted, 4s agsu 
rallows: . fs 


ehh quality of: Siedinads programmes is. partly. dependent on size, once fot. each: 
“propriume, depending on how it. is designed.and its scope, there. ie. a-minimum: a 
ventze-of enrolment below which quality may suffer. -That number cannot be expres sued |. 
far.the discipline as a whole but only for individual programues depending on . 
their. PURPOSE, their resources and their eastee yg a. 7 


a oe Te 
‘abc omadndacivd i On pace 42 ‘of your report ds not. inconsistent pen dis above 
Stgtument, but you do not. indieate what eriteria determine the "satisfactery — 
environment.”. In ACAP we have identified two areas which we believe should be © - 
examined in this connection. One is the opportunity for the students‘ development | 
through informal intellectual discussion with a peer group with common engineering. 
or -seieatific interests. This peer group need not cansist only of.students; it. may 
_ dilse- include post~docteral fellows;,. It need not be confined to one department, — 
“hut may include scudents in other departments if there is a real sharing of research 
. otaterests. The second main area for cdnsiderarion has, we feel, roa do with graduate . 
 ¢outses. Assuming that a course with, say, 5 or 6 students who interact is a. 4 
* much more satisfactory experience than one with 1 or 2 students, we see that the . 
- desirable enrolmenc size is a function of course structure. If there were a 
programme which did not require coyrses, this second criterion of size would not 
appiv. Bur if it is felt that students should take a substantial number of 
“-eourses ( as appears to be the case in all the Ontario departments), then the 
consideration is valid and the situation needs examination. 


lt appears that some of our departments plan enrolments as small as 6 to 12. 

Tr may be that some of these departments, because of specialization, course 
structure, post-doctoral and master's population and interdepartmental collaboration, 
ai effer an avademically. sound experience for the student, while other departments 

es with the.same enrolment may not. Each case needs evaluation separately. 


This brings us back again to the desirability of your giving a detailud analysis 
of each university. We request evaluation of quality by area of study of each 
department, including an analysis of the kind of intellectual milieu established 
for a student by the enrolment size. ; 
L hope vou realize that we have a problem of reconciling the reports of the 
consultants on the various engineering disciplines. One report of which there 
neens to be pretty peneral approval is that dealing with electrical engineering. 
Of course not all its details are accepted by everyone, but the style and coverage 
of the report has not been attacked...1 enclose a copy, since it may make clearer 
 winet. 1 shave been trying to say in this letter. — 


After vou huve had «a short interval to cottetdur “the letter, 1 shall telephone 


Profess iF Meyerhaf to discuss the mechanism of your Tesponse. - We teed your assistance. 
a .% 
“Yours sincerely, 


a oil . ¢ 


af 


te 
AM. A. Preston 


a 
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UTES: “SLECTIICAL, ENGINEERING 


_ thus ‘Beet ion of he: ACAP Pevart yl 411 feal whtb che ‘eedoumenda tone. found 
‘tn the electrical engineering consultants! feport.:. There will be no. 
“> yaferences-ta Western Ontario or Windsor since these two universities. |. 
_. were mentioned in-a. previous section. It is important, that the ‘consul tants'. 
“yeport and the university and discipline group responses be read at the 
sane time as — pefonee 


Recommendation £20. ee ane ee ee ee ee a 
OP ae i pedohmendad’ ‘that the. Discipline Group anaually identity a ee 
yo. these areas of electrical engineering which they ‘consider. relevant —_ ye 
os to the present and future needs of Canada and make their. ‘findings . 
‘available to the granting agencies and various asseciations of 
industry in order to stimulate a continuing dialogue with industry. 


oo" -Geber biscipl ine Groups might also consider this pecbmmendakion: 


 fevomendation C21 
+ Ae pO RARER ee Sf NE ERE 


le is recommended that Carletom University continue its doctoral a, 
work in electrical engineering according to its plans. se 


the work in electrical engineering at Carleton is divided into two departments, 
- Eleetra 


wics and Materials Engineering which includes solid state device 
elect ritggaa, circuits and circuit theory, microwave electronics and electron 


and prgpesses and the Systems Engineering programme which 
concentrates on information systems such as communications and signal 

processing, decision and control, digital systems design and software 
engineering. The coverage within these two areas is well integrated, . : 8 
coordinated and appropriate for PhO training, The enrolment increase proposed 
by Carleton is within the competence and capability of the present staff. 


ek 


Recommendation (22 


It is recommended that NcMaster University continue its doctoral 
work in electrical engineering according to its erent 


MoMaster has outstanding strength in three areas of graduate deb careh and has ; 
Slane to strengthen a fourth. These are communications and data processing, . ie 
modelling and design, materials and devices and, lastly, medical electronics. 

The electrical engineering programme at McMaster is of a see ween a 
apeeeereLye and aypente faculty. =. 


Kec. ommendat fon C23 


ae Tt. is. Ficomicnded that the balieveiey of Ottawa continue to offer a 
i  dvetoral programme in electrical engineering restricted to theses in 
oe digital communication systems and large-scale systems. This 
limited programme is to be appraised as soon as possible, 
Enrolment of new students should cease as of December, 1975 if a 
favourable appraisal has not been obtained. 


“ Qo. 
“ENC. 
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The. departsent at Urtava specializ es in three areas, communicution systems, 
control and systems, and computer engineering. __ With a faculty of ll, the. 
- goansultants. felesochar they were spread over a rather large. area, af electrical . 
engineering. A small departaent with a small number of staff and scudents 
“ain Operate an vffective doctoral progranime dnly with vompeteat prdfesndrs, 
‘complementary fields of. study® and an. adequate research, environment. The. 


“o~Gansultants recommend discontinuing the programme, ACAP has consfdered both 


eee go 
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Recommendation C24 _ 


_ the consiilcante” report and. the universityt S Comments and’ Tats concluded that. 


“Ob tama has. a. contribution. co sake to i reduate electrical engineering study 


in eperating a spevialized programme of limitud seope and enrolment. 


be Mee ® 


cvs. Ye fs recommended that Queen's Eniversity continue its pregramm 
ae : > PR WOMRENGES Car HBS TL SREY wor Ha EE PORT AMM: 


in eleetrical engineering concentrating in the cemmuntcations and 
systems fields, with gecasionally « student in cognate areas ot 
electronics and energy processing. Any proposed substantial 
developments in these latter two fields would be submitted far 
appraisal. d¢ is also. recommended that the department maintain. 
enrolment at its present level. 


* 


oe. 


‘the areas of specialization at Queen's are communications, systess, 


electronics, and energy processing. ‘The consultants state that the work 
in communications is geed but is only fair in systems, and that the 


Department shotid not offer a programme in the latter two fields on a 


regular basis. However, we suggest that. an occasional student be allowed 
ta de a thesis in one of these fields. ACAP accepts the consultants’ view 
about enrolment which was made on academic praunds, not far planning 


Testnonn. 


Recommendation C29 


Tt is recommended that the University of Toronto continue its 
doctoral work in electrical enginvering according to irs plans. 


Graduate work at the University of Toronte cavers seven areas including 
communications, computers, control, power devices and systems, solid state 
electronics, wave sclences, and biomedical electronics. The ceverage of 
these fields is more than adequate and Toronto's “star-studded” faculty 
are spread over the seven areas Indicating significant breadth across the 
department. “Fhe consultants canclude that the Toronto. department compares | | 
tuvourabiv with any of the major institutions in Serth America. 
Reatammemtdut tab... 
It is bocomnanded thac the Univer sity. of Waterloo continue its 
duetoral wark in electrical engineering according ‘tu Its plans. 


Sie University -of Witerlod concentrates in Piya mien areas eeiwding 


‘Camputers and communications; contre), systems and natworks: dévices, cireuits 


and materpals; power enpineering; and, antennas and electromamet ic 


engineering. . ‘There are two minor fields, bioengineering and eiectrogcoustics, 


and- these fields should be Limitaud fin size to the present Level of activity. 
with Waterlou's highly competent faculty and wodl~equipped facilities, there 


is Na question that the enrolment level planned by Waterloo .can be accomuudated. 


~39- 
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sa dee vt 7 om 
‘fhere are a number of ‘giaceat fecosindadarions and: coments made in the 
* mechanical engineering consultants’ report that are aimed at the system. 
"asa whole. sarah aarialaice for the individual untverait ies follow. this 
Somate general section. 


oy Tie niechantedt onpinesridg cenauleadte do not anticipate. any oversupply - -of 
mechanleal engineers. ‘They believe, no “artificial edict" is-necessaty to 
-eontrol the number of PhUs. On the contrary, they suggest the problem... - 
Will be-one of- availability ef good students. . The consultants think 
that untario might, in foees | have a sudieee of mechanical emg trees? 


7 ve “Praditional classical" versus “applied” research projects and a shift, in 
“oo sumphasis- -of study are the next problems attacked by the consultants.. They 
- feel. that the doctoral education of today should shift more towards project 
and design activity... To this end, they advocate increased dialogue. and . 
_auopetat ton with outside agencies such as industry and government. “If 
-we look at the problems before us today in the fields of energy, transportation, 
‘os the environment, it is apparent that there are many gaps in the knowledge 
which should be attacked systematically to provide the basic design data 
‘which is essential to advances in: engineering and advances generally in . 
’ technology on the braad front". The consultants also recommend a change in 
oa emphasis in fields of study. Some areas of research that need to be developed 
* -> ave Listed on page A-14, 


Yhe consultants do not condone departments that attempt to be good in all 
fiulds. They feel specialization is the key and that "considerable selectivity 
is required in the choice of a particular area of concentrated effort". This 
we choice of areas of concentration should be left up to the universities. ACAP 
agrees with this outlook buc notes that the initiatives of each department in 
Ontario are matters for collective consideration and advice, ACAP advises _ 

the departments to consider the consultants’ suggestions noted in the addendum 
dnd asks that they report on progress made after a year of mature consideration. 
After this time, the Discipline Group, in its normal role, would continue to 
couisider the development of new areas of graduate study and the possible entry 
{te neglected fields in mechanical engineering in Ontario and would make 
recommendations to ACAP where change is-desirable.. ~ 5 Bre 


Another problem the mechanical engineering consultants addressed was the one 

ot faculty age. Since the Ontario universities have been through an expansionary 
period in the sixties, a large propertion of the faculty is Lelow 45 years old, 
consequently lacking something in maturity and industrial experience. The 
eonsultants feel that although the retirements in the next several years will 

be few, the universities should take these opportunities te mnt reduce new blood 
id go ea Basnrty with andustrias experience. 


it is daportant that the ésdnattants! report and the university eer 
discipline group responses be read at the same time as this ACAP report. . 


(<) 
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Recommendations 


“- Recommendation C27 


it is Pa comueatea chat: eons McMaster and Queen! s igi veceieies 
continue their docteral programmes in mechanical engineering and .- 


.\) ‘during the coming year give careful consideration to the feasibility. 


of a stronger development of faci of interest in the special areas 
of strengths suggested by the consultants. The Universities are 
‘Yegtested fo report to COU and OCGS, through ACAP, during the Fall 
of ame on. the results” of these consAderat taney : 


. the Me Sin Siantoal iigideee ing abaudl canes in thair id den Ae, ee catuabie 
Suggest tons for focussing research activities.in each department. These 
|. suggestions appear to be based on both planning grounds and grounds of 

 acudemic quality, but alternative ‘research foci may not be ruled out. 


Cansequently, ACAP recommends that the three doctoral programmes continue 
but that each university.-note the consultants’ comments. and report. on 


progress in 4 year's time. 


. Kesommendation C28 


it is recommended that, if the University of Ottawa wishes -o 
reactivate a dacteral programme in mechanical engineering, it 
give careful consideration to allowing some further maturing of 
the department befure applying for appraisal. 


the consultants, in their remarks concerning the University of Ottawa, 

page A-17, recommend that the work in the Mechanical Engineering Department 
he ineorperated in an interdisciplinary programme leading to an undesignated 
PHD degree, ACAP notes the university response, page C-14, which states that 
they wish to “reactivate” the doctoral programme, before discussion’ of this 
new propusdl, We do sot at this time make a recommendation on the future ~ 
form of engineering PhD work at the University of Ottawa. . There appear to 
bo no planning reasons why there should not be a programme at Ottawa in 
meéhanical engineering, but the consultants have serious reservations about 
the suitability of a number of the research projects of the department and 
ahout the Limited industrial experience of its staff members. 


Ree ‘ommendat § i on €29 


It is recommended that ‘the eiversdey uf Vukeaks euntinue its doctoral 
programmes in mechanical engineering in its Department of Mechanical 
Engineering and the Department of Aerospace Studi-s and Engineering. 
AUAP suggests that the University consider the consultants’ recommendation 
of a greater concentration of ‘research activities of the Department of 

/ Mechanical Engineering on major problems of national cancern. It is 
recummended that the University inform CoU and OCGS throygh ACAP, during. 
the Full of 1975, of any decisions. taken. 


: Me draw the: catecntion of the University of. fororito to the consultants’ 

@ 2c. suggestion that the Department of Mechanical Engineering concentrate oe 

- gesearch’on problems of major; national concern. UTIAS- should note. the | 
- gonsultants' comments on the need for selectivity within the: broad 
_ spectrum of the expertise of the staff, in such areas as ‘plasma science, 

... Yow density gas dynamics, subsonic: aerodynamics, flight dynamics, -- 

..:. sHockwave phenomena and noise, The consultants also favour increased 

a - interaction with work in related fields on the main campus. 


- Mecomiendation C30 


it is recommended that the university of Wiaterloo continue | its 
doctoral programme in mechanical engineering. ACAP suggests 
that theUniversity consider the consuitants' recommendation of . 
a greater concentration of research activities on major problems 
. ae eS of riational concern. It is recommended that the University 
"dp form COU and OCGS through ACAP,. during the Fall of 1975, of 
any decisions taken. 


co AVAP notes the consultants’ suggestion that the department concentrate 
in Production and Automation. We also take note of Waterloo's response 
‘which lists strengths in other areas. We recommend that Waterloo consider 
the consultants’ idea of developing foci of research interest and report : 
‘on any action thought desirable. 


The University of Western Ontario and the University of Windsor have not 


heen discussed here, since there is no need for any recommendations in 
addition to those in the section on University Recommendations, page 20. 
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iX. METALLURGICAL ANUJ MATERIALS ENGINEERING 


rN 


merce section of the ACAP report will deat. with. the recommendations. found 


in the metallurgical engineering censultants' report. There will-be no. 

_ Feferences to. Western Ontario. or Windsor. since. ‘these | two: universities. 
were Mentioned in a previous section. It is: important that the consultants’ 
‘report and the university and discipline BEeeP pe be read at ie 


on. sane cn as this AAP REOOE RA 


o_ 
ERC 


4 
“Keconmendatton c3l 


Ie ie: eacuecended phat. ‘the universities ‘cake: naka of the consultants’ 

recommendations 1, 2, 3b and 3c, dealing with the weakness in. certain’ 
fields of study in the province and that. the Discipline Group- report 

to ACAP on any action taken in consequence of these reommendations. 


ee consultants find it surprising that there is so little effort in the 
“geramtes and glasses fields of study. Even more striking to them is the 


_abSence of any work in polymers in the Departments of Metallurgy and Materials _ 
.. Engineering. In their first few recommendations, they consider it very 


Sbmpertant to rectify these neglected areas and ACAP feels this is a job for. 


the Discipline Group. They also feel it is impertant to strengthen already . 


existing aréas of study and in particular create at least one internationally- 
’ ~ known centre of materfals science activity. 


* 


Recommendation C32 


it is recommended that McMaster University continue its doctoral 
programmes in waterials science and extractive metallurgy, and 

noting the strength attributed to these programmes by the consultants, 
make a report in the fall of 1975 on the following suggestions for 
improvement > . 


a. “eesralement of students with physics and chemistry 
Puckgrounts 


b. strengthening of the extractive metallurgy faculty 
c. collaboration with Toronto 


The naitertials science programme at MeMaster is considered by the consultants 
to be the best pyogramme of this kind in Untario and probably in Canada. It 
is the only programme that covers adequately the basic science related to. 
all classes of materials. including polymers. -The enrolment could be easily 
dvubled without developing the need for any significant increase in resources 
allocaced to the programme, but enrolment, here, is limited as in sv many 
(Other areas of engineering, by the number of tenes Studeciits. 


The extractive meta Lurgy programme, although mot a9 ag tong as the materials 


selence one, providelg very suitable research for the dectoral thesis. ©The 


range of the programme is, however, inadequate but. cooperation with other 


MeMaster Departments and with the weer ety o Toronto will greatly enn 
the operation of this programme. 
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_{ No ACAP suggests that McMaster consider the points put forward by the”. 
.)  cousultants and that the university report to ACAP on any action taken 


J with regard to these recommendations. = : wine ees Geo tee Ht oe oer 


on. Recommendation €33 


[et is recommended that Queen's University continue its doctoral | 

work in physical metallurgy and discontinue. the doctoral. programme | 

- fn axtractive metallurgy and mineral engineering as it now. exists 
and replace Lt, by an enlarged programme involving professors in. 

ee. .., other departments as suggested. in the consultants‘ report. This _ 

os)... néw. programme, shauld be appraised and this should be completed by 

oso lL. December 31, 1976... If Queen's does not wish to enlarge its | 
programme in extractive metallurgy. and mineral engineering, the. 
present programme should be put forward immediately for appraisal, 
ceasing to enrol new students by June 30, 1975 if a favourable 
appraisal is not obtained. 


iy The consultants consider the -progtamme tn physical metallurgy at Queen's . 
“. 2 va good, traditional type of programme taught by young and talented faculty. 
., Although it would make a suitable base on which to build a programme in 
. materfals engineering, the consuitants do not recommend that Queen's do so. 


‘The programme in extractive metallurgy, on the other hand, is not so well 
“off. It is seen by the consultants to be inadequate in its present form, 
_ with too small a range of courses, too limited an amount of research 
activity, and ineffective intera®tions with other departments and programmes. 
“Bue the consultants feel it is necessary to strengthen and develop this field, 
to previde the needed PhD graduates and maintain Queen's part in a history 
of léadership in Canada in mineral engineering, geology and related fields. 


‘The enlarged programme of extractive metallurgy is envisaged by the consultants 
to consist of support from the Departments of Metallurgical Engineering, . 
Chemical Engineering, Mining Engineering and Geology. ACAP realizes that 
cooperation cannot be legislated, but it must have some formal structure in 
order to make the various professors awate of their part in a cooperative 
venture and secure the recognition of their departments for the effort 
devoted to the venture, 


Recommendation C34 


It is recommended that the University of Toronto continue its 
doctoral prograiimes in its Department of Metallurgy and Materials 
Science. It is suggested that Toronto give careful consideration 
to the consultants’ recommendations concerning broadening the 
programmes and it is recommended that the University report to 
COU through ACAP by September, 1975 on any progress made in this © 
dfrection. en . 


Terante has an international reputation for its graduate work in extractive 
metallurgy. However, the range of courses is Limited; this situation could 


ee 
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be improved through cooperation with. McMaster. The conaultanes’ feel this 


would provide a good base fram which to develon a pragramme in mineral 


engineering. and. extractive ae ane and aad advise. fhe uni veEs) <7) to. wees 
er ‘so. 


. oy adsieiee to phwae who work in: evades actwtPane: ‘cheeses is another | 
“cpscexeup ‘of professors in’ the department: who describe their work as physical 
metallurgy and materials research. These people working with added 
specialists in polymers and electrical and. optical properties of. materials 
“would farm a group. egnahie’ of mount ing a V substantial” Programme in materials” 
engineering, Rese =) 


: Recommendation 035 


It is eecommandod that the idiveraity ef Waterloo continue its 
engineering doctoral work in extractive and process metalluray | 
and in metallurgical aacecaict aia and materials science aeepreine 
to its plans. . eu = 


Tea later loo has no specific programme in materials and daes not offer a PHD 
. labelled as metallurgical engineering ox any allied ffeld. instead, students 
aye trained in extractive metallurray in the Department of Chemical Fneineering 
and there is a group of metallurgists and materials scientists in the 
- Mechanical Engineering department. The consultants felt their effort was 
of such high quality that {f thts group were constituted as an administrative 


unit, they would he the strongest and most comprehensive graduate programme 
in materials engineerin’ in the province. The consultants recommend setting 
un A separate administrative structure. However, the unit (all in one 
department} appears to function well without separate administra’ ion and 
ACAP does not feel that such a structure is imperative. Waterloo will, 

no doubt, consider the consultants’ suggestion. 


x. MINING | ENGINEERING 


Gicen’ =] University ethers the ‘PhD in. mining ‘engineering. This is’ ona 
in the province. .Although the enroiment is small, the programme appeats 990. 
tO £114 a distinct need. The University: projects no far lgent Amereages oe. aah 
cou only, 4 students in A bc : 


tk 


ee the Saate at the statement of acura plans made by the University, ane 


"" Fecommend: 


as Recomendat ton 636, 


“ENG 


“it te: ee cusended that Steen s. ‘Univeraity. continue its. doctoral: 
work in mining engineering in accerdance with its plans. 
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#1. INDUSTRIAL ENGINEERING AND SYSTEMS DESIGN 


.. This. section. of the ACAP. report. will. deal with the recommendations. found . 

_: inthe industrial engineering and systems design consultarts' report... 
... Bt with contain. recommendations on the Universities.of Terente and Waterloo. | 
..VACAP suggests. that. the University of Windsor take careful note of the 

“recommendations wade‘ in this consultants’ report’ but at this time ACAP ~ 

“makes no specific recommendations -on doctoral work in -industrial enehacer 16: 
at, Windsor since it is cae of the earlier Recommendation cil. ; 


The general Pocus endacions ih this reeore cha: many of Tice. Found a the 
. Varkier consultants’ reports. -These consuitants'. estimates of manpower 


oY supp ¥ and demand closely follow those made by the other consultants and 
-Vare discussed more fully in the second part of this ACAP report. Related 
ote this is the need ta increase the Canadian content. in engineering _ 


“programmes. Recommendations Cl and C3 refer specifically to chess two 


| sopeints. 
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2 NGAP notes that the universities do not consider the establistment of 
a co-ordinating committee to be very important... We hope that talks are 
“gurmally taking place between the three departments and that they will 
‘continue. ACAP feels there is no need to set up a formal. Discipline Group 
“to ensure discassions but if those concerned wish to do so it can be arranged. 


Again, as in the other consultants' reports there is seen to be a need to 


‘circulate information to the student concerning the various programmes in 


order Lo ensure he selects the programme best suited to his objectives. 
This problem has been addressed by Recommendation C7. 


ACAP endorses the consultants’ recommendations 6,7,8,9 and 11. and does not 
wish to make any particular comments on these recommendations. 


Recommeridation C37 


It is recommended that the University of Toronto continue its doctoral 
work in human factors engineering, management an tormatton eyencns ang 
operations research. 


in its response to the eodauteanes" report, the University of Toronto seems a 
in general agreement with the recommendations made concerning its programme. 
ALAP notes that the Department has already made the appointment suggested in 


revonmendat ion LP 


AS far sas Euture enroiment is concerned, ACAP suggests the university continue 
to expect approximately the same enrolment as it now enjoys. In accordance 
with standard. appraisal procedures, a shift in fields of. specialization to 


"programmes In health systems and energy systems would require referral to the 


Appraisals Committee to determine whether or not an appraisal is. necessary. 


-46- 


4 teview of the enrolment expectations would be made at that -time.- 


- -erigineering programme in comparison to other. engineering programmes both 
"in. the University of Toronto and elsewhere. - 


- For the present, a continued output of 3 or 4 PhDs a year should be == 
expected by. the university. This should not be regarded as a quota but 
rather as the outcome of. the present. situation of fewer qualified = = 


_ students and falling enrolments. ‘It should be noted that the University 


of-Toronte has maintained a bigh percentage of Canadians in its jadustrial a 


‘Recommendation C38. 


OS "de ds. recommended that the University of Waterloo continue its 


-., 1. doctoral programme in systems design. 


ee ACAP takes note af the response of the University of Waterloo to the. 


‘consultants’ various recommendations concerning the Department's isolation, 


“its "soft" course content and: the quality of recent. staff appointees. 


. fespite the possibility that enrolments may increase in this fieid- and» 


os despite the comments from the University, ACAP considers that Waterloo 


‘should give careful attention to the consultants’ recommendations for 
sttengthening the programme before increasing the enrolment. 
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_NrRUDUCTION 


er ne and his work:over many centuries. ~~ 


_ The hame and coftotation arise from the latin “engenerare" ~ to create. ~~ 
“olhn the modern sense, however, engineering dates From the time of Galileo 


\ whe with his: "two new sciences" introduced for the first time the laws: 
“of cause and effect together with an-ability to predict and design. He 
added science to the art and made that the basis of engineering. Une 

might therefore define engineering as the creative application of the | 


physical seleaces to.the solution of. problems forthe benefit of mankind. 
The. characteristic problems attenpted by engineers “have,” aver a peared of” 


a time, categorized the various branches. 


In early times there were two broad classifications, the military 


2 6d eleliian.. Aa the civilian aspects of engineering grew and the demands 


"for energy and more efficient machines increased, there developed a 


a he 


(<) 


specialized segment who became known as ‘mechanical engineers. .In the late 


1860's. another group of specialists in the electrical area began to emerge, 
~ until today we have 2 many sets and subsets within the wide context of -_ 
oc. engineering. , a 


Mechanical engineering by its nature is a highly-diversified discipline 


‘ranging from applied mathematics and physics on the one hand te an empiri-~ 


cism verging on black magic on the other. In content, there is a wide 
range of topics generally embracing three main areas ~« solid mechanics, 
fluid mechanics and thermo sciences. Although all good departments will 
have some expertise in each of these areas to provide the breadth necessary 
for a sound understanding of a broad range of topics, they will generally 
have depth in one or at the most two of the main subsets. Within these 
main subsets there can be a wide variation in emphasis. Hence there can 
and will be several departments whose main strength will be, for example, 
in fluid mechanics without there being any significant overisp in effort. 


. . eo _ a tis 

Additionally, the ptoblems confronting our technological society 
require an increasing undéexstanding of the social and economic sciences. 
Therefore, in most departments, at all levels of instruction, there should 
be an intimate interface with the social sciences. Increasingly, the 
engineer must become aware of the ever extending economic and social con- 
sequences of his work. For this he must have some competence in economics 
and 4 sensitivity to social, psychological and political forces, thus 
emphasizing the need for breadth in the mature professional. The mechanical 
engineering faculty, therefore, have a particular responsibility to under- 
stand the true significance of this role. 


Althodgh the graduate program at the PhD level in the Ontario system 
can, for the most part, be considered as just emerging, we were pleased 


to see a broad spectrum already developing. In several areas, however, 
we recognized there was too great an effort in the more traditional and 


“a Ekes 


“oo @lassfeak areas. of research. .We suggest that this effort be redirected,. 


with more emphasis placed on the practical background of the theoretical 


“os go lutctoans and: strengthening the basic: tadeter ending: of: the sepa eteatty 


“Gevetep enn areas. 


CONTENT OF THE REVORT. | 


The acadenic. discipline of mechanical engineering is broad and not feenable 

ta categorical definitions.” In order te assist ug the Ontario. ‘Discipline 
. in Mechanical Engineering provided a list af factors which were to-be com- 
< gidered in developing an assessment of the educational. program of doctoral - . 


| students in engineering. At the outset, we wish to express our general. 
-. agreement with: the guidelines. Im our opinion, centralized coordination 
"and planning of doctoral programs on a provincial-wide scale must be — 


“=. aveided as far as poseible in order to develop the full academic potential 


-- of each department. We agree that a doctoral program in every department __ 


is essential. Not only does it ensure a-dynamic modern undergraduate | 


'. ‘curriculum but it also contributes to a competitive in-house research 
atmosphere which enhances the excellence of any program, and provides both ——. 


students and faculty with opportunities to develop native ingenuity and 


- {nnovative skills so necessary to our technologital society. It is from 


Pa well-developed broad background with an in-depth, maturity in a specific 


. “. | 
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segment that a well-balanced and mature professional engineer emerges. We 
further believe that group size has little effect and with some variation 
successful programs can exist in small, as well as large, departments. 


Gne of the ways in which the university serves society is to screen 
and sort young people. The sorting process determines who is capable of 


entering, continuing to graduation, undertaking graduate work, and who is 


qualified to receive an advanced degree. Many people abject ta yielding. 
such tremendous power to the faculty and the university community. How- | 
vver, no better way has yet been found. We are in accord that the existing 
methods of selection be continued. We do not believe in centralizing this 
sceeenzne BEOER ee: , 


Having picked a career in which the demand for special skills can 
change rapidly from time to time, the engineering graduate at all levels. 
must be sufficiently flexible in his competence to qualify for employment | 


in a wide variety of activities. Only in this way is there hope of bringing 
supply and demand close to balance in the face of inevitable fluctuations 


im the economy. <A broad base with an in-depth study in a specific areca. is. 


- therefore a major requirement in the design of a PhD program. 


_ On the other hand,:our terms of reference. caused us some concert 
because their generality made it impossible to fit exactly all conditions. 


’ Nor. can specific answers or recommendations be made in all cases. The 
-“vory tature of the programs considered will dictate, to some extent, the 


reply tu posed questions. Nevertheless, we viewed them as useful guide- 


lines for our inquiries, but we have responded in ways emerging from cur 
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~ analysis of the situation. To -reply-otherwise would. uegate the. 


“exercise. In the end, the choice of alternatives became a matter. of 


“judgment; no set.of rigid eriteria could. be expected to yleld a clear-~ 
eat decision. There is always a mea ure of. subjective weighting placed . 


“on each-of the factors used ty arrive at a conelusion. Ie is hoped the 
seal eosin ine wiht head to. a » sound judgment « 4 a 


er 


There are strong indications that a new era is emerging in Canadian 


industry which recognizes. the need forthe backing. of .a-highly-develaped . .. 


technology if it ts te satisfy its nationalistic aspirations while com~ 


|. pating. in the world. markets. The evidence of an increase in demand-for. , 
-* engineers , at all. levels of academic attainment, is: increasingly noticed. 
esc Not only is there an alarming indication ef an. impending severe shortage . 
ae) 2 engineers in total but there is every indication of a gross. undersupply 
- of mechanical engineers ‘and.a strong suggestion that there will not be a 
, sufficient number of academically able students to meet the minimal demands 


From industry 13r well-qualified PhD graduates. 


4 
The Ring ot [ron “was completed at a time when society viewed 


engineering aud its “pliysical sciences with suspicion. In contradiction 


tu a major premise of that report the consultants found ne evidence that 


....Canadian industry was passing from a primary to a tertiary pasition without 


Ce 


passing through the secondary stage. Instead our findings tend to indicate 
a rapid strengthening of the industrial base with a corresponding increase 
in demand for high-technology support. In the two-and-a-half years since 
the release of that report, there has been a dramatic change. Our review 


"was conducted as. Canada approaches the threshold of an impending shertage 


and heavy demand for mechanical and other engineers. So rapid is the change 
that in the six intervening months between the writing of the terms of 
reference and the commissioning of this report, many of the specific 
questions posed are no longer meaningful. The emerging immigration policies 
and market forces alone will be sufficient to determine the size and distri- . 
bution of the Phi) student body. Quotas as such will be without meaning, ~ 
since they can never be met. The recognition of the energing upsurge Ln 
engineering has had a very significant impact on our assessment of the 

FhD programs in mechanical nes in Ontario. 


In this Light then, we will now try to sort out and assess in Rreater . 
detail PORaRERONS ag we found them. ; 


a ne 
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i FRIA, — (for ing ees nae ehginecring) is. sa variance wien report 


ae ere lanpower Cnc. July, 1973, which rrr auaesinnls 
of Phis in ecuineering in the decade ahead. 


Ring ut ‘Lrony A Study-o f- Engineering, Education in Untario, December, 1976 
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- flach of the Mechanical Engineering Qep 
~~ ffering graduate work was -visited.”. The Institute of Aerospace Studtes. 
“ae the University of Toronto was alse iacluded in our itinerary -and. was . 

As. reviewed in the samé general way as the others. Special mention of it 
land of the Department of Mechanical Engineering at the University of 
 @ttawa is made later. | 


were received at the others, 


artments in the eight universities | 


* 


of In sal nine departments there ard 156 faculty involved. in teaching, 


mechanical engineering at all levels. .-Of these, over 100 were interviewed 


individually, in small groups or in plenary session; 25 er more admini~ | 


. strators (Presidents, Vice-Presidents, Deans of Engineering and-of Graduate 
“Studies and their assistants) were consulted; and finally the views of. 
representative groups of PhD. candidates or recent graduates, numbering 


over 50 in all, were obtained. Nowhere did we uncoverp any evidence of an 


| -eversupply of PhD graduates; statistics were produced to show that all. 
“past graduates were usefully employed, many in places of high responsibility 
with many of the recent graduates having received multiple offers. In only 


one case did we find a PhD graduate holding a post-doctoral fellowship 


heeause he could not find permanent employment. 


_ The assessment of each Department was carried out as qonsistently as 
possible. The time spent at each varied between 1 and 13 days. The same 


. general agenda was used at each place as follows: \ 


1. Meet department chairmen to review agenda and other general 
points (£ hour). 


2.° Plenary meeting with.all staff at which the consultants made 
an opening statement” and an open forum was conducted. This 
laid the foundation for a closing plenary session at which 
time the views of the staff were consolidated (1 hour). 


3. Meet administrators (the timing varied depending on the 
schedule of the administrators) (} to 1 hour). 


4 Visit laboratories and graduate research projects (1 to 
2 hours). . a 


}. Lunch with continued discussion with staff or admini- 
- strators (1) hours}. -— | ; - 


es 


Carleton, MeMaster, Ottawa, Queen's, Torunto, Waterloo, Western and | 
Windsor. : 


List of. PhD graduates and their present employers were provided at 
Queen's, U.T.1.A.S., Waterloo, McMaster and Western. Verbal reports 


See Appendix A, attached, page A-26. 


An~S 


oe Interview graduate students and recent PhD graduates a hour}. 
7. interview individuals. research of specialized groups (1 to 2 
- . hours}. . | a : se ae Gee —— 
8. Reconvene in plenary session and final views obtained (1 to 2- 
i hours). | oo ae a’ ae . 
fosy Squeezed int (i) review of admission files of selected students 
a (11) reviewed or scanned several PhD faxes” 


WW, c NUMBER AND QUALITY OF STUDENTS 


ja sa Ne, The Supply of Students- 


At the present time there are 150 mechanical engineering %hD candidates 
in the Ontario system. This counts only those graduate students. who . 
are beyond the master’s degree or who have been accepted for the. PhD 
without a master's. Why 150? What controls thic number? If you ast 
as we did, the average faculty member how many graduate students he 
would like to have, you get the answer “about 2 PhDs and 3 or 4. 
master's candidates." At present there are 156 mechanic 1 engineering 
faculty in Ontario and thus there is almost exactly Seep candidate 
per faculty member. The size of the faculty dees not control the 
number; they could handle twice as many. 


ge a, 
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. Ahe facilities for research that we have seen on our visits have 
beefi excellent. Except in a few special cases, there is no limitation 
~~ @n PhD study set by either apparatus or laboratory space. 


The question of tinancial support is harder to dismiss. There 
Were complaints about excessive stipends paid to PhD candidat 
‘, “ather" institutions both in Ontario and in the U.S. Syéh complatnts 
- } could not be backed up by hard data and were contradicted by the 
| occasional student who came to Ontario attracted by the “higher salary 
offer." Both from the meagre data collected and from our own knowledge 
of the. financing of PhDs here and in the U.S., we believe the Ontario 
system to be “in Line” and competitive. This is not to say that you 
could not attract many more PhD candidates by doubling the. salary. 7 
vuffers.: Of course, you could, But such a course of action is unjust {— 
-fiable both for Canada's need for mechanical. engineering doctorates 
and Canada's needs in other areas which would then be robbed. 


The real limitation to the mechanical engineering doctoral 


candidate population-is the availability of "good" candidates. . The oo 
temptation under such circumstances is to lower the admission standards. 


ae ne rr en 
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6 : a : : a re toad ab ae mary 
A selection of staff research: publications, most of which were based on 
. Braduate student research. was examined .separately. 
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It. fs to. the great credit of all of the. Ontario syetem that this. 


. temptation appears to. us. to have been avoided... .In every case the. 


fkD admission standards. were set at:a reasonable level and jealously 


guarded by extensive Fa cds ited and graduate school rules and 
eueoey nated | : | et a 


. 
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The euataat ion, of human qualifications is.a very difficult and 


sighly-subjective: process at best; there is no reason. to suppose. that .. 


all faculty members cr all institutions would arrive at the same 
cone-Lusion -when - examining borderline candidates... Thus, it is of 


Lictle wonder’ and no Significance that every inatitution can quote 7 
_ cages er someone they. rejected was ancepeedss elsewhere. 


Thus, we reject. the antien that any unjustified significant 
systematic differences éxist between institutions on the level of PhD 
candidate acceptance. 2. eaxe oe 


Pa 


The main obstacles are the ability and motivations of the present 


‘generation of students. Science in general and technology in particular, 


after the heyday of the space program, are popularly seen as the causes 
of our pollution, energy crisis, and other problems. Althcugh this 

view is wrong and will change, the change will be slow. Thus, we do 

not see any teason to anticipate an oversupply of mechanical engineering. 
PhDs in thé near future. On the contrary, we see a shortage. Since 
more good candidates cannot be produced on order and then only by robbing 
other areas, we believe that the control of PhD candidates should con~ 
tinue to be by their availability and not by artificial edict. The_ 
competition to provide the best and most useful educational program is 

a better key to the future than any planned PhD production schedule, 
however based. ‘ 


Foreign Students 


Presently at. the PhD level only 40 students in a total of 150 have 
taken their first degree at Canadian universities. Although a small 
number of Canadian baccalaureates go abroad for the PhD degree and 
returo, it is clear that we.cannot count on Canadian undergraduate 
schools to provide candidates in sufficient numbers: to avoid.a_ 
drastic reduction in enrolment and output they must continue to come 
from abroad. Of the present 150, 74 are landed immigrants and 19 are_ 
on student visas, most of the latter from underdeveloped countries. 
The contemplated changes in immigration policies (which will make 

it more difficult to. attain landed immigrant status) and the funding 
policies of N.R.C. and other granting agencies (which prohibit 


-. support of those'on student visas), will seriously reduce the number 


of foreign students in the future. 


= eee Se C. ae 
. We recognize that Canada as a wealthy nation has. a commitment 
Lu suppert students coming from (on student visas) and returning to 


‘developing nations and te eae these nations-with their SRST ESTE 


To Ne oman, 
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ugiversities and industries. This commitment should be national 
. “Yather than provincial, We would envisage all graduate students - 
entering Canada from countries that. do not have a well-developed. 
“industrial economy. would do sq on student visas under the augpices 
_or purview.ef.an- appropriate federal agency such as C.I.D.A.° | Le | 
is not unreasonable to expect as part of Canada's foreign aid thae 
the educational expenses of these students be ‘borne by C.i.D.A... 
Each. Canadian. ‘university accepting: a student under the purview -of - 
€.1.D.A. would be compensated at the-level of th. student support 
_ within that province... In this. ea of. Canada's. contribution . 
to the developing nations couid be met through 4. meaningful educa- 
tional program without imposing an undue hardship on t provincial 
educational budgets. . 


oo Cs Emp loyinent’ Opportunities for Graduates 


We discussed the employment opportunities for recent graduates with Ps 
all staff members..and all were emphatic in stating that -the difficultics 
reported a year or two ago, which may or may not have been real, do _ 
not apply to PhD graduates in mechanical engineering today. They cited 
examples of recent graduates receiving numerous job offers, mostly ‘from 
industry and aimed particularly at graduates who have spectalized in. 
production engineering. Of the approximately 30 students interviewed 
with a PhD in mechanical engineering (recently granted or pending) — 

only one reported difficulties in finding permanent employment. One 
graduate, who majored in production engineering, listed for our benefit 
six firm offers of employment. 


eae While @mployment opportunities undoubtedly will continue to 
tluctuate we do not believe that the demand we see today should be 
regarded as unusual, or temporary. When we examined the employment 
record of some 150 graduates with a PhD in mechanical engineering 
(including aerospace) we found a wide distribution of employment. in. 
industry, the universities and government. The positions reported do 
not reveal any "underemployment" of the PhD and the records which | 
extend back over a perlod of years show that the older graduates eccupy 
senior paaktons of high. responsibility. ar - 


It is vaconnieed that the staff requirements of the universities 
will be small (see Part VI. D.) in the future and the main source of 
employment in Canada will be eutside the university: and mainly in 
industry. Most of the 600 “high technology" firms that engage. in. 
research In Canada are in Ontario, and with the increasing demands 
for new and innovative industries which cun compete in the world 
market we would expect increases in their number and diversity. The 
oxpertence with the N.R.C. Industrial Post- Doctorate . Fellowship. 
propram leads us to believe that many of the 60,000 firms in Canada, 
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Soo. approximately 40,000 of which are in the manufacturing industry, . 
im 3 (.. ean employ -the FhD ce good advantage not necessarily in research, _ 
as Ce ee The new and developing procurement policies of the federal govern- 
ose ment, the emphasis op cleaning up the environment, on new energy * @ 
os. sourges, better rural and urban transportation, ete., will certainly . 9 -. .. 
“reate an increase in the demand. Against this increase in demand ne 
we must weigh the fact that. the output of graduates will diminish 
. substantially, possibly as much. as.40%,-as.the result of the. antici-. 
‘pated decline in enrolment of new candidates with acceptable qualifica- 
tions... The. picture of_ a. possible | shortage becomes even more proabable 
when we recall that in the U.S.A., government agencies and professional | . 
ee arganizations are expressing serious concern that a substantial short- — 
a aye of engineers will develop in that. country in a few years. If this 
fe a happens, the experience of the 50's, with a Large “brain—drain" of 
qualified engineers out of Canada, may he repeated. In view of all of 
these considerations we find it difficult to believe that an annual 
output of 20 to 30 PhDs in mechanical engineering from the Ontario 
this universitias will be in excess of the demand. On the contrary, it is 
ee tee easy to predict a serious shortage. . 


Although better information on job opportunities would be welcomed, 
and a central “clearing house" of information might be useful, the point 
was made in many discussions that one should be very cautious in the 
interpretation of "demand" surveys ~ particularly in industry. The. 
businessman can rarely predict his firm's requirements in advance, aati 
on those eccasions when he can he is not likely to reveal it. "One 
of the least relfable,ways for finding eut what industry wants is to 
‘go and ask industry." We commend these engineering departments which 
maintain an up-to-date historical record of the careers of their 
graduates; we urge all departments to adopt the practice, and to see 
to it thatthe information is made widely available to counter the 
negative views which appear frequently in the press. 


dD. Student Concern about Career Opportunities 


We were surprised to find that most of the students we interviewed 

expressed concern about the job prospects after graduation. Few seemed “ 
aware of the recent upturn of job opportunities in industry, ard very 

few seemed to have any idea of how.to approach a firm or how to . 
establish contacts outside the university. In some of the universities 

‘visited we were told that "placement officers" assist the students in 

these matters. If this is so it would appear that the graduate 


Statement attributed to Sir Solly Zuckerman. See page Ll2, Canadian 
Engineering Manpower Council Report, Supply and Demand for Engineering 
Doctorttes in Canada, July, 1973. _ | 
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studeats viftber deo not use these services, or they Leave the 
investigation af job opportunities until very late in the day. We 

did not go inte this in any depth, but it was clear that. the — _ 
ajerity: of the studgpts wha were. interviewed had little appreciation | 
of the structure of Canadian industry and little knowledge of the: 


firms that. stngage in. the ‘deve opment af new technology ner of their - 
Prospective staff requirements, .To explain this “we must. assume. that 


the students fave been ‘badly served by the “nopular" news media, the- 


technical press, the placement agencies, and the universities then- 


ot RET RS oe ee ee. siiee an wees Decdavieotaactagted ewes Kawiee «i@eed a 4S xosies baa 


Quat: as on the: Nwabe e ee F Students 


Krom the foregoing observations we believe it is clear that an annual 

output from all of thea dmtarie universities of 20 to 30 doctorates in. 
mechanical engineering will not be exeessive and will not saturate the 
job market. We believe the deve loping market could easily ahsorh - 


‘double this rate of output during the next five years. In saying this. 


We are not advecating a return to the “open system of a few years ago 


when the growth of graduate schools and budgets was virtually uncontrol- 


led. There is an obvious need for a better understanding of the facteurs 
that govern the supply and demand of qualified engineers with advanced 
degrees. To date even the best available data are viewed with suspicion. 
Uefinitive studies with much narrower confidence bands are urgently 
nevded. Tn the absence of reliable data and in view of the emerging 
natural controls we concluded it was neither rational nor wise to 
propose a total enrolment figure with a corresponding distribut Lon 
tireughout the svstem; rather we would wish the resources of the present 
system which are predicated principally on undergraduate requirements, 
the markec demands, the quality of program and the good: judgment of. 

the departments to determine the total number within the system. In 


this regard we consider the system, in its present form, can accept up 


to 300 PhD candidates or an averagé of about 2 per staff, However, 

wur best estimates would suggest there is little likelihood of achiev-_ 
ims stich an enrolment during the next ‘five years; and although we 

we Tittle or ne quarre | with the projected figures found in the 
fivecvear plans we have grave doubts that even that total of 170-180 


will be attainable by 1978. 


4, 
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In thre same way we find it difficult. to Vaspektian ihe diuteiirien 


of candidates between the various universities which offer graduate 


nroaprams. AC present a student has a wide range of choices and in 
attr interviews with the students and discussions with staff members 
it was apparent chat. Canadian: students contemplating graduate work 


are senmerabby well aware of the courses avaflable in the various insti- 
tutions, af the outstanding teachers, and of the strengths and weak~ 


nesses of the departments. The capacity of the individual departments, 
a6 Me have noted previously, is ample. 
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ANALYSES OF MECHANICAL ENGINEERING EDUCATION AT THE BOCTORAL LEVEL 


Ae 


- Course Requirements 
Sn et eer ee ti at Bat eg ei en = AE niet 


We have. assumed that. the, Pho degree. in: mechanical engineering signifies 


‘that the holder has -an advanced education which permits him to not.only 
“perform the ‘usual design and production ‘tasks ‘in his field but also to 


attack successfully many complex. problems and to. perform research in. 


engineering science, -To-do- these things. requires a-broad. knowledge of 


his. field, some. eee PRC SO ANE of related areas, and experience in how. 
to DRDGRE?s : _ | . 


= These eatenieuad. aeaewes are aetateed by. eequiring ‘the annie 
date to take a number of graduate courses, to pass a qualifying or 
comprehensive examination and to prepare a doctoral thesis. It appears 
to us that the destred breadth of knowledge is best attained by a total 
of about 1) years of full-time course work beyond the Baccalaureate 
degree. Most universities now require this. A few do not, but we 
believe they should. Of course, a student can get his breadth by self- 
study but very few would do so. A smaller course requirement would 
more often be used as the easy way out. 


The thesis is universally used as the study in depth. In the 
thesis area the student is motivated to self-study so that only a few 
of the courses taken should concentrate heavily in the thesis ftleld. 
Thus the offering of .a large number of highly-specialized courses 
(with very few students in each) which we noted in several departments 
is not justified educationally and is certainly not an economic use 
of faculty time. | 


Dactoral Theses 


In the course of our visits to each university, we made cursory examina- 


tions of a few doctoral theses. However, this examination, when com- 
bined with discussions with faculty and students, and often with prior 
knowledge of the subject by the consultants, additional useful. informa- 
tion was obtained. Most theses were indeed reports on creditable 


‘doctoral work. Each student displayed a broad view of his spectal 


field, he analytically (and numerically) studied the predictable per-~ 
formance of the device or process, he obtained in the laboratory (or 
occasionally from pertinent Literature) the actual performance, he 
carefully compared the theoretical and experimental results, and 
finally. analyzed and discussed the Gnee7 Sy aucreee 


However, we accasional ly met the inadequate thesis which leads — 
to an inadequate graduate. These were of two kinds: the completely 
theoretical thesis which solves by a well-developed mathematical 


_ routine another minor variant of a problem which abounds in the 


ee ae 


‘ifterature and with little gr no engineering justification; and 


‘at’ the other extreme, we occastoaally spotted a thesis {n which a’ 


Sane mpirical abtack Was used to salve a. pee which mapht or - 


mtsviis rave lave Pract hea} ape t Sablon 


in both tases. we pa itave the education of the eandidate was 


incomplete. In the first case, he had no ‘training in ingenuity - oo 
thus learned Little that {s in demand by industry. (and should aot be 


in demand for university teaching either}. In the second, he had no 


training in-the formulation“in quantitative form, of the qualitative 


ideas which he believes makes his empiricism work. “His ‘work could — 


have = and prebably should have ~ been done in industry. The real 


opportunity of the university to educate was lest. 


Thesis Work Vutside the University 


we 


White “project work" of the kind suitable for a M.Eng. thesis is. — . 
readily found in many industrial and government agencies, it is more 
difficult in this environment to organize a program of research with 
the content, analytical and experimental, needed to satisfy the require- < 
ments of a PhD thesis. When these difficulties can be overcome there . 
are obvious advantages in bringing the students close to the problems | 
of industry and in providing access to people with unique training and © 
highky-specialized facilities. It {ts highly desirable that the thesis 
be of interest to the host organization and that, wherever feasible, 

it he supervised fointly by a staff member of the university and of 

the host organization. 


A problem which is raised frequently in discussing such coopera- 
tive ventures is that of the ' ‘praprietary" rights of industry. I 
vur discussions it was generally agreed that this problem is often 
more apparent than real. There must be a clear understanding in’ 
advance abuut the sharing of patent rights and delays in the publ ica~ 
tion of research results. ‘Secret" projects generally are not acceptable 
fur PhD theses. ’ 


While practices vary widely between universities, several depart~ 
ments reported success in their cooperative ventures with high : 
technology firms such as Bell-Northern, AECL, and Westinghouse, and 
held vet hopes for further progress as the result of a growing interest 
in industrial research, the new contracting-out polictes of government 
agenetes, and the PRAL a of the N.R.C. 


We urge that all of Ae apivensbty departments sttorin: advanced 
courses in mechanical engineering encourage frequent contacts . and firm 


- coeperation with outside agencies. The importance of this liaison, at 


Prateek Research: Anaiicable > in Indaxstry 
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a time when there is general agreement on he esa fae postaraduate 


> training, to be more closely matched to the. needs of employment, can- - 
net be overemphasized. -Oue student commented that in his thesis © 


research he had enjoyed the best of both worlds: - industry had 
provided the required relevance and the university had provided the 


essential underlying science. 


Part-time” Studiés © 


We examined the experience of the various departments with PhD ¢andi~ 


dates who undurtake part-time studies in’ conjunction with a full-time © 


job. There is no doubt that part-time courses.and projects at the. 


Master's level have operated with reasonable success. Beyond the — 
“Master's level progress becomes much more difficult and many doubts 
were expressed about the abilities of the most capable ¢andidates to 
meet the minimum requirements of a PhD program. 


From the experiences reported we have concluded thatthe burdens 
upon the student, his family, the employer and the university, are out 
of all proportion te the chances of success in most instances. While | 


- we recognize that it would be unwise to deny the exceptional stent 


an opportunity in a special situation we recommend that such under- 
takings should rarely be encouraged. 


woeerage of Mechanical Favincertae at the Graduate Level 


ischanicdi agaeetian encompasses all manner of mechanical devices 
and processes used by man. At its base lie the sciences of mechanics 
(including kinematics and vibrations), solid mechanics (including 
vlasticity and plasticity), fluid mechanics (including acoustics), and 
transport phenomena. (including conduction, convection, diffusion, and 
radiation). And the basis for all of these are the laws of classical 
physics - mostly mechanics and thermodynamics - made useful through 
the methods of modern applied mathematics. 


Every mechanical engineering department in Ontario has a faculty 
capable of offering the core graduate courses in each of the above 
areas which should be part of the breadth of «very PhD. In every. 


department, the faculty is capable of supervising theses in the classical 


basic problems of mechanical engineering - dynamics and vibrations. 
elastic structures, fluid dynamics of simple fluids, and heat and MASS 
transfer. 


But is this adequate fur the 1970's? We think it is not. unly 
in the rare instance (as can easily he judged by examining the resultant 
published papers) does the thesis. adviser or his PhD student have so 
potent an idea that a real advance is made in classical engineering 
sefence. Most often the result is a thesis or a paper with little 


penmanete value and no engineering siynificance. 
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‘these questions and many-more: © The Conadfan ‘industry already: carries’ 
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Yet mechanical engineering abounds in important and challenging, 


problems. Sone members of. the faculty at cach. Ontarto university 


have realized this. and have moved with their research into some more __ 


important .and contemporary area. . Thus we found work on such diverse 
cand usefel probtems as extrusion uf metais, machine toal automation, 


thermal contact resistance, the drying of paper, and the motion of. 


Jerasol particles, Manufacturing dAndustry 1s concerned. with all of . 


vut some research, albeit largely empirical, in. these areas and we. .- 
would.all. bike to-see.it carry out. more.. A thesis.to. develop an under~ . 
standing of and to provide basic data-in such-areas provides. the... .. 


“oo stadent with an innovative challenge and the preparation for fature 
“work which Canadian tadustry seeds. 


Ta exercise ingenuity in redirecting one's: own efforts. from an se 
old familfar classical path-to an innovative new effort is difficult, = 
It is common for ideas to become “popular” and ail sid people to move 
in the same direction at the same time, Thus there /are already several 
closely-related efforts in metal cutting and machine tool performance 
and control in the Ontario universities. These efforts de not yet 
involve serious overlap but they could easily do so in the future. 


such close parallel developments could be justified, if the  . 
sossible areas of mechanical engineering need were’ few in number, 
However, this is not so. In the following table we give a partial list 
of some isportant mechanical engineering problems in which little or 

mo research effort is td be found in the Ontario educational system 

and in which there are significant and challenging problems of basic 
science and useful data development suitable for PhD theses. This 

list is so extensive that many items would go untouched even it the 
entire mechanical eRe neering faculties devoted themselves to these 
RFOBLEnss 


Thus we believe that must of the research effort now expended | 
an classical mechanical engineering science could profitably be 
redirected toward innovative studies of more urgent problems which | 
arise in mechanical engineering practice. We have no sertous reserva- 


tions about the extent of coverage in the present programs, certainly 


not to the point of suggesting the termination of any. On the other | 

hand, we would urae the expansion or creation of new programs be 

directed toward the areas listed. We caution, however, against the 

temptation to attack these problems in a purely empirical way. To 

us the good PhD study in "mission-oriented research" is a fundamental 

ee of the basic nrocesses and principles in the appropriate range 
the siunificaunt dimenstoniess narameters with an appkication “of the. 


result Co real industrial engineering problems. — 


We believe. this -chan,e in. emphasis would sttenpthen: the faculties 
aud weuld attract industrial research support. Furthermore, it would 
“ause industry ta elameur for the new Ph) graduate and would make more. 
woud tudents aware of the importance of advanced studies. | 


Qe. 
_ ERIC 


ae 


-PRODUCTION PROBLEMS 


Meth 
Table 1 


SOME UNDEREXPLORED MECHANICAL ENGINEERING PROBLEMS 


Se A ee ee RS ar ean Se ERAN Gol ce eI ee, 


POWER 4 ‘TRANSMISS LON 


hydraulic tranemiasion, belt friction, wear and 
“BOISE, gear noise, 


LRANSPORTATION 


the urban ‘problem ¢ car, eysten analysis, sateen, 
rail improvements. Noise generation by transport. 


pda 


ENERGY CONVERSION 


steam. and Bas- turbine flow, thermal and dynati 
problems, space power cycles, thermoelectrics, 
thermionics, fuel cells, solar energy devices, 
heat pumps, cryogenics. 


FLUID SYSTEHS 


piping system design. in the linear and nonlinear 
regions, hydraulic rower transmission, ventilating 


system design and control under normal and emergency. 


(fire) circumstances. 


TRIBOLOGY 


- lubrication, friction and wear. 


MULTIPUASE FLOW 


industrial processes with the full range of 
significant parameters, aerosol dispersion, flow 
of dust and sediments, blood flow, wet and dry - 
paper fiber transport and laying, the boxing of 
cereals, the flow of dry cement and nails, the 
pumping of concrete and roofing tar, the slippage 
of earthen dams, etc. 


‘SOLID SYSTEMS . . 


aircrafe and apace system structures - optimization. 
Creep, fatigue, and fracture of engineering 


structures. The design and performance of composite 


materfals and structures. Pressure vessel design 
the critical problems of access aaa ce Non- 
destructive mrs = 


plastics moiding, fiber handling, drying processes, 
casting processes, materials handling equipment, 
furnace design, incinerator design, combustion 
control, ignition, growth and extinguishing of 
fires. Environmental - systems design and control. 
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; Most manufacturing industry would profit froma first-rate 
mechanical engineer with a PhD, Most industries have net yet learned __ 


this. Wel they? When? 


tithihuate Programs = Strengths and Weaknesses iss eS 


; As. wet tats noted paleues it has Seen, the tradition of. universities in. 


this country to encourage analysis and research. The efforts to 
generate interest in-the other essential aspects of engineering - and 


te provide the appfoprlate training. - have been comparatively recent. ~~ 


in our round of visits if was apparent to us that. interest in these 


aglceted subjects has been growing to the point where projece«ngineer- 


ing studies, for example, are widely mecepred as vehicles for M. Eng. 


theses. 
é 


-lt was our impression that progress in the teaching of design 


has been much less rapid, and the extent .to which it has been. accepted 


and integrated inte the graduate programs is highly dependent upon the: 
eqergy and enthusiasm of a small number of dedicated professors rather 
than a peneral conviction of the faculty as a whole. 


Production engineering, it appears, is beginning to make an imprint 
on graduate studies. and. we were encouraged to Find twe groups which 
were making a determined effort in this field, and at least one other 
working on a more restricted basis. ‘All of this work was of high 
quality, and we considered it a very healthy sign that all the production- 
vriented groups with which we met had close contacts with industry 
which created an excellent market and a high demand for their graduates. 


When we compare the Ontario level of effort in design and produc- 
fion with its counterpart in Europe, it is all too clear why our manu- 
facturing tndustries are sceptical of the value of a PhD, and why. 
the firms often récruit highly-trained engineers. from si eat: Osnada 
we therefore consider a destun effort should be encouraged and if 
possigle incorporated into every PhD pregram and production engineering 
ft the graduate level strengthened and expanded in those departments 
wifch ttave developed a competence in this area. The work at MeMaster 
and Waterloo. a8 notewertiiy in this regard. 


bach department eshibited strength dn meré than one area. Anny 
shortcomings were not considered serious and were not confined to a 
narticular department. With the exception of Ottawa, we would not 
recommend any re-appraisals, nor would we wish to specify any direction 
eftort. ke tyuind the ofyve-vear plans generally acceptable, with 
thy ose hades auaps ur areas af overlap. ofewever chey were, in our view, 
somewhat backing in imagination. We reiterate our belief that the: 


denartments sertously consider som: redirection of their cfforts ta the 
cathution ef seme of the more urgent problems which undertie mechanical 
wie dneer Lins Nractice. 
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G.. Industrial Research Institutes. 


an OE a” al riuambey of Ontario universities have obtained assiatance from 
Seas the federal: government -and other sources.to establish on-campus 
om industrial research institutes. The object of these. institutes. . 
pofce” * aa te: provide scientific services to firms with limited ‘resources, 
a to make available to industry the tratned manpower and specialized | 
facilities available in the. universities, and to provide. the universi- 
ties through a close association with industry with an appofttunity: to 
ae aie coordinate more closely their educational and research programs ci 
ye). Surrent induatrial requirements." 


Ye did iat meet all of the Soscicuta aivcetuee; or discuss the. 
gnerations of the institutes in detail, but in the light of our. 
observations and conversations. ve wish to record our conviction tha. 


and to the relevance of their work. 


oy, | It is recognized by the institute staff and the faculty that some 
Situs. % safeguards are necessary, but we saw no evidence chat in serving the 
ey tl, short-term interests of industry there was any tendency to ipge sight 
of the long-term objectives of the university. 


VI. GENERAL OBSERVATIONS 
Sana EREEREREREEEE : 


A. The Minimum $ize of a 3roup | 


* We were often asked for our views on the Pe ee of a viable group 
at the graduate level. The advantages enjoyed by a large. group, with 
- a wide variety of talents and extensive resources are recognized and 
‘require no elaboration. A drawback to a large group is the difficulty 
of adapting to change. The majority continue to be organized along 
vertical lines according to.discipline and although the désirability 
of functional groupings, along horizontal lines, is recognized and . 
¢ _. thas been achieved.to some degree, the discipline~orlented. structure 
continues to dominate. On the other hand we observed that the groups 
in the smaller departments often displayed an original-point of view 
and a willingness .to adapt to change that was not apparent in the 
larger and longer established departments. The cross linkaye between’ 
departments within small faculties was noticeably more distinct, - 
tending to create an educational milieu that fostered high order. 
graduate work. Ottawa, Queen’s, Western, and Windsor all had working 
relationships with their counterparts in civil engineering. We also 
neted that there was a tendency on the part of the small departments 
to compensate for shortages of internal resouyces, intelleg@ual or | 
wins cval, by establishing outside contacts. The relationships that 
fave developed between Carleton, Ottawa, Western and the government 
agencies such as the Atomic oe of Canada, the Forest Products - 
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these institutes are highly beneficial to the research of the peeeney a 
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Laboratory, and thes tational Research Couneil, indicated’ a ‘neal thy 


 outward- ~ Look fap viewpoint while at Windsor ride reldtionship with 


the Industrial Research Institute brought them into contact with 
the high technology preblems of industry. Interdepartmental coopera- | 


“tion awn a wider university scale was evident in areas of environmental 


control. and bioenrinewring. In these emerging fields the smakier 
departments were as active ly. occupied in high-level research as were. 


their counterparts at the larger institutions, We think the vatality 


of engineering toe an increasing extent will depend apon the. ability te 


“anticipate change as “well as to adapt te ity and that” the smaller” 


emingering croups can make an important contribution ta this proces, 


In vur view to creative group, and ne.capable individual within such a 


“roun, should be deaied supnert pecause it is small. 


jechauteat eng sincering is su a in scope eit there are many 
different approaches which require a different viewpoint, different 
talents, and different ways of thinking. For even the twa largest 
schasls (Toronto and Waterloo) to attempt-to-become "centres of 
excellence’ in all of the branches of mechanical enginvering would be 
unrealistic. We express the hope that through the voluntary assecia- 
tions of (OL and CODE a reasonakle degree of rationalization is achieved 
teoensure that in no immortant asnect is there neglect, on the one hard, 
or an undue emphasis on the other. We also. suggest that the smaller 
univecsities, in recognition of their special abilities and circum- 
stances and with their new and fresh outlook, be encouraged to eApEeasene 
with new proprams and new institutional arrangements. 


Department of dechanical Engineering - University of Ottawa 


Although the history of the university reaches back well over a jiundred 
years, the work io scchanical engineering was begun less than ten yerrs 
atau. in L967 a PhD program was started, but after admitting. .1 few 

candidates (whu are continuing ty completion) ene program was suspended. 


ite were impressed hy the new physical sacilities and Ge enthusLasm 
of the Faculty. We understood their concern at facing the possibility 
of a stillborn program which they had obviously planned with care. The 
‘Laff are valiantly endeavouring to relate their research angeG erect 
the werk of their. students towards the problems of Canada's north: We 
commend them for this effort. We further believe their qualifications 
and their facilities are such that:.a viable PhD program can be established 
and we recommend that an assessment team be sent there as soon as possible. 
However, we advise caution: we believe the entire engineering program 
az Uttawa is just beginning to coalesce; their numbers, staff and 
students are small; we therefore suggest that the facultv in ail 
engineering departments (Chemical, Civil, Electrical, Mechanical) be 
asked toa work tosether at -the PhD Level. and that they attempt to give 
an undesinnated PhD degree in engineering. In so recommending, we 
er bdover: a will create an atmosphere such: that a meaningful experience 
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and degree at a very advanced. Level can be. achieved . Such a 

unified faculty approach to work at the PhD level anid be a unique 
experiment in the entire Canadian system, and: one worthy of ttaat 
at Dttawa. _. 


co ee . Under the exiebing arrangements there is a goad interaction. 

oohavt perween abl of the engineering departments and many other departments _ 
of the undversity at the graduate level; we think this should be 

_ gontinued and strengthened. The commitment of the department to 
research tn areas concerned with the development of the aorth must, 9.7” 

of: necessity,. be conducted on a broad interdisciplinary -front. . We note 
that good ties have been established with federal government agencies 
concerned with northern deve Lopment; we believe that in cooperating with 
these agencies a "functional" rather than a "“discipline-oriented” inter- 
action is likely to be successful. 


. Further, the University of Ottawa is unique in another respect. 
It has the mandate to provide an educational opportunity fer the French- 
speaking population of Ontario, which numbers some 500,000 people. This 
is the only bilingual engineering school in Ontarfo. There is a steady 
demand and limited supply of bilingual personnel with a high competence 
iu modern engineering technology. We believe Ottawa can develop as the 
centre to provide such an educational experience and would recommend 
full encouragement in this direction. 


C. University of Toronto - Institute of Aerospace Studies 


Quality means different things to different observers. Nevertheless, 
we are particularly taken by the "steeples of excellence” concept put 
forward by Dr. F.£. Terman of Stanford University in his studies of 

engineering education in several states including Califormia, New 
- York and Florida. He states: ™ , ke x : 


“The quality of the. academic program of. a eeiiewe or 

university is det¢rmined primarily by the quality of its 
Faculty and the extent to which this faculty is grouped - 

into 'steeples of excellence’. Faculty quality in turn is 

a function of knowledge, scholarship, creativity, research 

competence, ability to communicate and professional leader- 

ship. It is significant to note that impressive buildings 

and expensive equipment are not primary factors in determining 

quality. ‘while a faculty needs space and equipment to carry 
oon its work . space and equipment do not by themselves presier 

excellence." 


oe 
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Fr. E. Terman and A, Higdon, A Study of . Engineer {ng and . tngineering 
Techno logy Education in Florida, Chancellor's Office, State University 


System of Florida, Tallahasse, Florida, August, 1971. 
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A gteupie is forned iy 4 group of eupabie faculty members. 


“having closely-related interests. High steeples can be seen at 


longer distances; thus high steeples have ciearer. national 
"visibility", High steeples benefit academic programs in related 


“areas, making it easier to recruit faculty in all fields, and add— 


viweur to the entire dasticutiom It is Terman's claim that a high 


SEED can be built with as few as five faculty menbers. 


We view U.T. Leds S. as a high steeple not just in Ontario but in, 


“the entire Canadian scene. It Was horn out “of a Ratlomal need dad” 


turtured in the early vaurs by the Defence Research Board... About 75% 
ef the funds required fer suppert are received from sources outside 
the University of Toronto. Here is a collection of research engingers . 
and scientists closely linked to the aerospace field but showing versa- 
tility by reaching out to other industrial endeavours. They draw their 
vtudenis from across Canada and throughout the world and select their. 
problems on a broad base but still relating themselves direatly to the 


Canadian scene. We view this operation as unigue in the Canadian educa~ | 


tion svstem and do not visualize similar centres arising elsewhere. ‘As. 
lens as they continue te focus their efforts on relevant Canadian needs 


we advocate continuing a high level of support with the minimum of 


interference. 


Metallurgy/Material Science 
Se ee te ae et A ee EEE A Oe oe: a RNR me ew ae 
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A good grounding in metallurgy/material science is, in our view, an 
impurtant segment of a mechanical engineer's education. In each 
department visited, with the exception of U.T.1.A.S., a sound relatiou- 
shiv had been established between solid or continuum mechanics on the 


cone hand and metallurgy/material science on the other. At U.T.1.A.8. 


we recounized the excellent work being done in search of solutions 


to material-based aeraspace structural. problems. However, we believe 


this work is being carried out without the necessary supporting frame- 


“work. One man can hardly be expected to make great inroads in this 


tield by himself. We strongly recommend. a much closer. relat fonship 
with the materials personnel working on the main cafipus. | 


At ave University of Water lone ene: other hand, the matertal - 
cchenee group ds well integrated into the mechanical engineering 
program, in tact, it is an integral part of the department. This 
apparent by comes about by desipn for they constitute the strony support 
arm ter contituum mechanics and production engineering. ‘Their role is 
vital to these areas and they are admirably discharging their responsi- 


We ware i intrigued. by this effective combinatian of resources, commend — - 


them on this approach and recommend its continuance. We, devertheless, | 


recognize a similar administrative arrangement might not be appropriate 
at whher universities. 


Be en 


bilitivs. Ay a@ colisequence, their research has aostrong: industrial bias, 


aes cule Distribution 


Thea ige distribution vl mechanical engineering faculties in Untario 
shows the effects, of the hasty buiidup.. The present faculty, 156,.. 
if uniformly distributed in age between say JO and 65, would. have 
about 4.5. faculty at each age -level.. The actual distribution. is. 

shown in Figure 1. The excess in the age bracket, -32 to 47,- shows: 
the hiring spree of the BU as This distribution has four bad 
. effects: Se Gs wali tensile saentty ae 8 


-L.. The present. faculty. is. perhaps of somewhat lesser quality. 
than it might have bean as there was not. sufficient. attention. 
-and effort made te attract greater numbers of mature engineers 
in the age range 45 and over. 


2, The present faculty will advance in years with very few peace 
ments. There are only 9 retirements in the next ll years, whereas 
at the averare rate there sheuld be 49 retirements. This means. 
that a whole generation of good young people will have to be passed 
by because there will be no openings. 


3. As the faculty grows older, they, like everyone else, lose their 
innovative spark, their drive, and their enthusiasm — in short, | 
they become the “old fogevs™. The department thus grows old along 
with the faculty. 


4, &s the faculty bulge advances, so does their rank and their salary. 
Before retirement, the average salary may be 50 to 100%. more than. 
at present. Some future administration will suffer under the 
hiring folly of the past decade. It would have been better to 
hire as a professor an older engineer from industry at the immediate 
cust of two young men ga that his retirement-could relieve the pain 
of the bulge. . . 


What can now ‘be done? Several things: 


l. Whenever someone retires or resigns he should be replaced fram 
the age range best suited to fill the Rap. 


2. After 1% years, when retiresents begin to oceur in lanes hanes, 
new appointments must be made in part from new graduates and in 
part from older seine: 


HE thretse: wisps are not taken cha it will be rentias to ice 
. only the less expensive new graduate) a new bulge will be created wittt 
the same bad effects as at nresent. 


i UM > SOtrkp there wi fl spandiy ve seme relief from the slow 
‘growth of the populativn in general and the demand for engineering 
education in parricular provided due care is exercised iu the hiring 
of facuatty fi the future peowth periods. 
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Staff Mobility 


ha! ¥ ae * es ® ie Se ae: oom oe . ~ . it : *. ae . i Wet 
Here we are concerned aot so much' with staff exchanges. between 


universities but with the movement of staff between the three major 
sectors - the universities, industry and government. Such movement 


“Es important fox the individual, ‘the organization and society as a. 


whole. For the individual it provides an opportunity for- improving . 


his career prospects and -fhis-satisfaction in his job, a:wider experi- - 
emcee and fresh stimuli... For the organization it provides. cpportunities 
te reeruit people of ‘High qualifications: and unusual experience with 


a fresh approach to problems and interdisciplinary experience, 


We consider that mobility of staff is essential 1f£ we are to 
develop a competence in all of the functions of engineering at the 
advanced level. While there are some netable exceptions, we got the 
impression that many senior staff members have been relatively inmebile 
throughout their careers. At the junior level many staff members of 
the engineering schools have been recruited directly from their doctoral 
or post-doctoral studies, without any exposure to the industrial or 
FOVeEENMent sector. 


We are aware of the obstacles to mobility: administrative dif- 
ficulgies, misconceptions about the challenge of the work in other 
sector8, intellectual snobbery, differentials in salaries and working 


conditions, pension rights and sheer inertia. None {is insurmountable 7 


once people are convinced of the impertance of mobility. 


Financial Support for Graduate Work. 


' The matter of financial support for graduate work was raised ‘by us 


at each university visited. In all institutions the pattern of response 
was similar - the junior staff did not participate in decisions as to 
how the budget was apportioned between faculties and departments, and 
therefore did not wish ta votce any strong views, whereas at the top 
of the administrative hierarchy there was concern that any change in 
the system would reduce the total funds available to that pee Ad 


_ From many. discussions on this. point we would conclude chat the 
current basic income unit. (BIv) rating of 6 for PhD students in 
engineering is probably not greatly out of line with actual costs. 
However, in comparison with the smaller units which apply at other 
degree levels this-unit. focuses attention on the high cost of advanced 
degrees and there {s a risk that in a financial crisis PhD programs 


- would become the first target for cuts.. This might well happen in 


engineering during an industrial recession, at a time possibly when it 
would be in the national interest to train more people for leadership 


in the. various. fields of technology... 


Ay 


Concern was ates expressed. with the risk that a heb Ritu. ; 
attached to 4 particular degree will provide a special incentive 
to the udministrators of a university to concentrate more on the 


Rrowth than the merits of that degree in order to increase the |... 


revenuc. 


. We auc wades that the preccat scale ot ‘Blus,. which places a 
premium un the PAD is likely to distort the university education 


system as a whole and that budget arrangements should Leave the 
“individual university free tc decide the priorities approprinte to. 


its pees oe, 


There. is no doubt that a. peau out luok, with the wieeelucties ef 
new courses and a change of emphasis in existing courses, is essential 
as a continuing process. We suggest that an important, and perhaps | 
the main, stimulus for these should be provided at the graduate level 
by funds trom outside agencies - federal, provincial and industrial - 
itt support of special courses and specific research programs. If the 
funds trom "mission-oriented” povernment and other agencies were to 
vecame readily available the universities could respond more quickly to 
demands of soctety which are evolving rapidly, and which may or may 
net be short-term. The universities could do this without abandoning: 
a commitment to the traditional functions concerned primarily with 
the advancement of knowledge for its own sake. 


We commented earlier (Part IV.A.) on the scale of salaries offered 
te Pho candidates. We believe that a stimulus to qualified students 
to enter dectoral programs can be provided to a much greater exteat 
threugh the selective use of scholarships. Often in the past, initia-~ 


ees of this kind have had as a primary objective the grooming of the 


fap ‘praduates for staff openings in the universities and geve rnaunt, 


. The emphasis most needed today and.in the foreseeable future is in. 


training people for Canadian industry. We think that the voice of 
industry should he heard more often in discussions of the training 
of emrineers at the graduate level. 


Thus we would see the provincial departments responsible fay. the 
universities assuming to the maximum extent practicable the “base — 
load fer all of the costs associated with teaching in the broad. sense. 
The cost of research would then be. separated from the teaching function 


se 3hd borne. sepurdtely by the government departments and other Lastitutions, 


pubiic and private, which require research in support of a misslon, or 
assessed against agencies, such as N.R. C., with a broad mandate to. 
promote scientific research om a national basis. We do not of course: 
supe st, that these distinetions are “Shap he, or that’ blink and white 

it; WET 3 will tyes forthe omits. , 


We shee eons sites that ce giadencs whe have the required high 
qualitications to enter the graduate schools and do researeh should 


receive Substantial aid in the form of schol arships and fellowships fram > 


the asencfes concerned with promeating researeh. 


ERIC | 


 povernments and industry. y 


RECOMMENDATIONS 


There should be no assigned quotas for PhDs in seenanteel pictuers . 


ing fer the Ontario system as a whole nor for the individual 
institutLons. | ks 


‘(While the capacity of the geeange system i in the re of "300 


PhD. candidates we believe, contrary to the projections of the diecipling 
group who -predict a-slow growth in .the PhD population from.the preseac . 
150. to 180, that because of the. changing immigration policy and the 
known decrease in- the undergraduate enrolment there will be. a: slow, ./7 
steady decline during the next several years. Emerging market forc 
could reverse this expected trend. Fer these reasons we see no fore 
seeable oversupply but rather an undersupply dictated by the nyatlabiliey 
ef good candidates. It is our firm conviction that by 1978, barring an 
unforeseeable economic disaster, the supply will fall far short of the 
demand. Hence there is no present need for large faculties nor | 
facilities. . The supply of qualified candidates, the demands of the 
market place and the competitive forces between institutions is the 

best guide to the future.) 


The quality of each of the existing programs in the total system is 
acceptable. 


(Mechanical engineering by its nature is a highly-diversified 
discipline. In content, there is a wide range of topics generally 
embracing three main areas - solid mechanics, fluid mechanics and 
thermosciences. Each department within the system has adequate cover-~ 
age in these main areas and has developed a distinctive characteristic 
depending on its specific resources. The larger departments have a : 
diversity of expertise which permits them to cope with a wide range *, 
of interest while the smaller ones have reached out to develop close | > 
contacts with industry and government agencies to enhance their - 
resources. Both Large and small departments have established. excellent 
research relationships with bioscience departments in the environmental 
and bioengineering fields. We, therefore, find the PhD Benge at vach 
university to be pecepeabier and viable.) : 


Decisions to assign apectfic research areas to particular departments 


should be made within the university and. not by an outside agency. 


(These decisions are best left’ to the department itself, which will, 
in the competitive sense, attempt to get the maximum return from ive 
resources. The basic strength of any department lies with. people 


themselves. We would expect they would, in developing a new or, 


expanded program, consult with their colleagues at other institutions 
and with granting agencies. However, their. research efforts ‘could be | 
made more relevant by a movement away from the classical research \ 
areas to research on the phenomena of RreAten current: concern ta 
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. Phe normal mechanical engineering Php program should contain 
.1) years. of a broad selection of courses beyond the Haccalaureate... 


(This normally implies 6 full courses or their equivalence... ‘To... 


have a balanced education of maximum value in engineering practice | 
a student needs a broad knowledge to permit problem solving on a 


. broad front. and. detailed knowledge in depth. in some specific problem, 


The courses should provide breadth while the thesis provides depth. 


_As, thesis work becomes redirected more towards pfoblems. of current = __. 


societal and industrial concern, ft will becoue especially important | 
to have and to use the basic methods and material from a broad range 


ef core courses.) 


PRD graduate work in mechanical engineering at the iaivensies of 
Ottawa should be integrated into a multidiscipline effort in conjunction 
with the other engineering departments of the faculty to provide the 
vehicle for a nondesignated graduate degree in engineering. 


(A unified faculty approach to work at the PhD level would be a 3 unique 
experiment in the Canadian system, and one worthy of trial at Ottawa. 

If this is accomplished no new mechaniccl engineering departments or 
enlargements of the.present ones are required during the next five years. 
The present sgaff -and facilities can handle all the PhDs likely to apply. 
The real Linftation will be the number of good candidates.) 


Special care should be exercised in the replacement of faculty who 
retire or resign, to correct the present seriously unbalanced age 
distribution in the Ontario system, espectally in the younger depart- 
Ments " 


The entire question of financing research and graduate work in the. 
universities of the Ontario system should be re-examined. _ 


(The encouragement ‘of - advanced: ‘work by graduated BIUs has had the 
desired growth effect. Now that the system is mature in size, the 
Province of Ontario should meet its educational responsibility by. 
providing for basic per capita support about equally at all leveis. 


‘However, the research support needed at the master's and doctoral 


levels should, to a major extent, come from research grants and 
contracts from industry, the federal government. and. other sources. 


‘and, when appropriate, the province. The need to obtain research | 


support in a branch of engineering would help keep it relevant, would 
provide the best environment for the students and would provide a 
healthy stimulus to the faculties. ied ; . 


A268 


APPENDIX A 


SPENING STATEMENT MADE AT EACH SITE- VISIT 


oe 


ee Gent bomen 4 


‘we’ meet. with - you. this morning. to. inform you of the. xesponsibilities | Wes. as. a. 
sfoup, have to face in the next several weeks and to seek your response to some ae 
wf the. questions that have. been placed.before us. In. doing. so,.we wish to clear. ae 
“the air of any suspicion or rumours. that may precede or follow us. We ask you 


“te participate freely in the discussions in open forum this morning or, if you 
~cwish, later.in the day in private or small. group sessions. After we leave, 
oo oss fdeas may occur to you; please feel free te communicate with any one of the 
0 visiting team. We will welcome your thoughts at any time. 


Many facters affect our task which is to review the yearly enrolment of 


“geome 100 or so PhD mechanical engineering candidates and recommend on the kind, 


7 quantity and distribution of these candidates throughout the Ontario system. 


sENC 


Factors affecting yraduate student numbers ‘at the PhD level are many. 
Amony them may be included: 


1. The response of industry: small companies {and Canada abounds with 
these) have felt, up to now at least, that highly-educated personne] 
are an expensive overhead they can i111 afford. . 


2. N.R.C. Industrial Post-Doctoral and Senior Industrial Fellowships 
are helping to overcome this reticence on the part of industry 
‘large and small, hopefully giving rise to an increase in demand for 
PhD graduates. 


- m- 


3. The funding sathay of N.C.R. eee feitevskine foldete: to be 
- Canadian citizens or landed immigrants | tends to reduce the supply. 


Attitude of professors when interpreting "assistants" on the N.R.C. 
‘grant forms. Some professors interpret this to mean they do not 
have to support graduate students but rather to hire professional 
help to assist them with their research. This negates one of the 
main purposes of research at a university and again reduces .the 
intake of PhD candidates. It 1s known.that some qualified students - 
are being refused because of this practice. 


- 


a 


4. ‘The attitude of society to engineering and the physical aeiaiees is 
one of suspicion. We are the anti-heroes. War and the degradation 
of aur environment ane associated with enginecriug: and the sciences. 

“Students have been “turned off" and they are slow to return. 


6. The attitude ‘of society in general, and government s in. geet ie, 
to reasearch is Ifkewise une of suspicion, Prier to 1960, most 
“engineering faculties in Canadian universities were excellent. under- 
uraduate institutions, teaching, loads were 16-18 hours per week, 


i A-27? eg ak oa . ‘ hye 


esearch was carried on mainly on a personal basis. In the. 1960's 
all. this changed. Every university, with public encouragement, 

. @xpanded its research programs; teaching leads were reduced to 8-10 
hours per week. It is now estimated that the teaching and research 
costs are nearly equal. Governments seem to wish to redistribute 
this cost to something Like60-40 or even. 70-30. . With: the support 


errs of the general public, in view of the high cost of research space, _ aoe 


‘the governments have severely curtailed building expansion, . What 

is research, where does it fit in, who should do it, are questions 
~ we all muse: struggle with. In this regard, the Corry Bonneau” —, 
TeEPOrE “Quest for -an Optimum", is: worth peading: 


8 You are’ aware this study. is a fol nein to the report ‘Ring of Pere and 
“the CODE response te that report. Our task is very specific. [ft is to pick 
“up where the repoct, with reference to PhD Studies, left off. ACAP is conducting 
‘a general study of PhD programs in the Ontario system; we are but a narrow seg-.- 
| ‘ment of that broaa study. Our task is to review and recommend on the. PhD. program 
| in mechanical enginecring. Other. teams will consider. the many other - disciplines 
—ueder review and our report will come together with theirs from which a combined 
; report will emerge. 


a . We salsbavand that the total amber of PhD candidates in engineering has 
=. . Some general agreement and is in the order of 450. The main areas of dispute 
between the Ring of Iron and the CODE reply were: 


l. ‘the rate or year at which this ‘number would be achieved; 
2. the distribution of candidates among the universities; 
3, the designation of programs at various universities; 

4. the viability of PhD programs at certain reais 


3... the. various cost factors: involved in. EEP work, 


With this as background , we have been asked to: 


¥ ae each unlvceetey with a . PAD program in mechanical engineering, 
review its background and capability. 


2. teport on the adéquacy of the. present state af doctoral work, 
including : a oe 


(a) warerqee ana specialities, extent of activitys 

(b) faculty quality and quantity; _ 

fe) nature of the programs offered; | 7 

(dd) enrolment sizes ‘and distribution among, universities and divisions!’ 
(2) quality of the student body: . 

(f) relationship with related disciplines and the profession; 

(3) reel | eae . 


[We cannat or ee or curtail but may ask for a review. } 


<) 


3. our recommendations are to cover five years, 1973-78 on:. 
(a) desirable doctoral programs in Ontario; 


ee TL (bh) desirable enrolments , year by year, taking. into account. 
“aees : the available marker; 


oe . {c) distribution amongst universities for various programs; 


(d). distribution of enrolments amongst the universities and 
...desirable. ranges of enrolment... 


“Oo. Ae we ean. consult far and: wide - - universities, industries, govern- 
‘ te RE etc. : 


wo We Rave noe begun to face all these issues but are searching. We seek 
. your thoughts on such questions as: 


- 1. How do you view a quota system? In today's world, du you think one 
- is required? Are the numbers generous? Do the present conditions 
regulate sufficiently so a quota is not required? 


2. Falling a rigid quota system, how would you view a provincial-wide 
pool of engineering PhDs with a quota on the pool? Students would 
be admitted on the basis of exon tence and would choose their schools 
and programs. 


3. On a narrow basis (same as above but for mechanical engineers only)? 


4. If you are not prepared to have restraints. such as are suggested, 
how would you meet che budget reductions pihely © to be Ainposed? 


5. Would you accept a variation of PhD BUppUee ‘between ‘universities 


fo (a) by. ehinveatiag or féduedng’ the arentun, or differential paid 
oo. c+ .for PhD students? Maintain total income to engineering. the 
same but change the base 2 or 3 Units for engineers up to 
and including master's level and some schools because of 
program and considered excellence be given a premium of I Unit 
for each PhD candidate; other schools would have PhD candidates 
if mney 5a enOge bue RESHOUE ene premiunt: 


Finally, may we thank you for the Son neaetad we have received. You have 
prepared many statistics for our use. We have intruded into your summer plans. 
We may even come back for more data and assistance. Our snecific report will 
be reviewed by the Committee of Department Chairmen for errors of fact before 
it is submitted in its final report. It will not however come to each depart- 
ment for scrutiny, a you for your help. We welcome your questions and_ 
stiggest ions. oS . : _ oe 
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ADDENDUM 


- In the original report we urged that the Departments of Mechanical 
Engineering of the Ontario universities consider a redirection of their 
Ae. efforts at the graduate level teward studies of important problems which 
os s- «underlie mechanical engineering practice. We emphasized the importance 
yf the leadership, role of the university in the full use of both rational 
anitysis and empi teicism in engineering, The purpose of this addendum is 
to explain in greater détail the reasoning which led to that recommendation 
“and to suggest wavs da which it could be implemented. 


The pleture today, a9 we see it following our visits to nine 
departments, {s described in general terms in the original report. The work 
wait the graduate level in the majority of departments is strongly oriented 
toward theory and analysis. Within the three fields basic ‘to the discipline 
~ applied mechanics, fluid mechanics and thermodynamics ~ the arvas of . 

- specialization selected for research vary from time to time in all of the. « 
departments, depending on the interests and capabilities of the'staff and 
students. In the process of selection, the projects which are.deemed to be. 
the most. suitable have been assessed within a. competitive. system dependent. 
upon critical peer judgements of the capabilities of the scientist and the 
quality of his work. Generous financial support fer most of these projects 
has been provided through funding by the NRC, usually in the form of 
operating grants. 

In large measure the current emphasis on the classical problems of 
engineering seience is the outcome of policies which were introduced in the 
post-sputnik era to meet the unprecedented demand fqr engineers trained in 
the techniques of advanced analysis. In the light of the record te date it 
would be difficult to argue that these policies have been a ccmplete failure - 
the research which was used as the-vehicle to. train engineers has contributed 
to the Knowledge of .the physical sciences, and, judged by the usual criteria + 
publications in refereed journals, contributions fo symposia, the quality. 

asa REED E pheSes ~ the standards of accomplishment have compared favourably 
with the ‘norms’ accepted by the scientific community. . For two decades ‘the 
har esi who were the ped of this system experienced a 16 (difficulties in. 


technology, notably the aerospace industries. 
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—: Noe ali of the schools we visited have cantributed equally te . 


_ this record, some are much newer than others, and some are-much stronger 
than. others. Nevertheless we did not feel that, to the extent that we 

~ could assess them in a -short visit, individual. differences between 

* departments, or any possible shortcomings, were outstanding. Accordingly | 
Swe reached the conclusici that all of the departments we visited have 
-suf€icient facults capable of offering the essential core courses and of 
supervising, the ‘eraditional' type of thesis: ShESoEH the entire graduate “oo ¢ 
de 7 ’ . 
es 


There is little doubt chat die traditional ’ type of training will 


bon ne those who have the ability, and the motivation, for creative careers 


in basic research, in theory and conceptualization, and in technical 
frohlem solving. Nowever, we very seriously question whether this is 


“suff ictent in the advanced training of all mechanical engineers. In our 
. gaciery today there is an urgent requirement for entrepreneurs. who are not 
anly well informed in the basic sciences but, in addition, possess a wide 


(€) 


range of interests extending from the tachnical to business and management. 


From the problems we face today and the growth in career opportunities, 
it is clear thar there will be a substantial demand in the future for 
engineers with advanced training in breadth as well as depth. These will 
be qualified in certain functions of engineering, as well as the basic 
technical ingredients, they will have acquired the essential training in 


mechanical design, or production engineering for example. A short time. 
after graduation the individual with advanced training may be called upon 


ta function as a project engineer. In that capacity he may be expected to 
provide leadership and motivation to a group responsible for 4 major 
technological undertaking. He will be responsible for planning and 


urganizing the work, meeting deadlines, handling budgets and costly resources, __ 


ensuring that the proper coordination exists between the team members and 
that the profect moves forward exped4tiously. 


. . The notion that the funetions of engineering can be learned ‘on the job‘ 
as produced distress and disenchantment in young graduates and employers 
alike. Fach function - research, design, production, systems planning ~ 
requires a different approach, viewpoints, talents and wavs of thinking and 
it is essential for the student to acquire a deep understanding of certain 
of these - and to be able to distinguish between others -. before. he is 
Latnelwed upon a career in engineering. The importance of preparation 
identified with the functions of engineering appears to be better undérstood — 
fn countries where the ‘téchnological' universities have deep routs - and. 
the tendency of our firms “ seek to recruit: ‘product ion engineers’, for 
example, from outside Canada is one of the - results. SD eee eee . 


it is ta ee ce chat we are for Suggesting that the emphasis in. 
the education ef mechanical engineers should shift from theory and anatysts: 


With sove synthesis. to an utterly empirical attack or a complete pre- 
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ecenpation with hardware. The primary need, as we see it, is to expand - 
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university research into the basics of the, more rejevant, less classical 
problems. We would favour 4a-greater emphasis on the formation of project 


> teams to undertake relatively simple design problems, but we wauld strongly 
oppose any suggestion to carry this to the stage of the detailed dusign,. 
Su cadeveleopment and protetype manufacture of complex structures or mechanisms. 
“Undertakings of this kind are best left to industry and the way for the 


oo advanced student to gain good expertence. with these is through cooperative 


” ERIC 


programmes. which include. industry as an equal partner with the university.....0.50. 0°. 


-We-do not pretend that it will be easy for the departments of the 


oe miversities to strike a balance between the traditional approach, which 
wets Lhe support‘of a wealth ef experience, and the strident and often short- 
“sighted demands for 'practicality’ or ‘relevance’. A-stronger dialogue 


between university staff and the employers of qualified engineers would 


° help. Lf we look at the problems before us today in the fields of energy, 

transportation, or the environment, it is apparent that there are many gaps 
dia the knowledge which should be attacked systematically to provide the 

“haste design data which is essential to advances in engineering and advances 


gunerally in technology on the broad front. We look to the Departments of 


Mechanical Engineering in the Untario system to Lead the attack on these 


areas of concern. Some have already begun this work. : 


We have stressed the importance we attach to the design function. With 
few exceptions the work in this area which we examined was disappointing. 
isually the approach was intuitive, plus ‘handbook’. Rarely did we find an 


“appreciation of che place of science in design. In the outcome there is a 


eens to regard the role of the professor who teaches design as different, 
peraps even inferior. ners difficulties in attracting research grants, 
with implications that are Yall too Famillar. 


“As each function of ti haHI@AL’ onglaBseTng IS wAaSEL Ow A different 
philosophy and approach to a problem, a wide variety of choices is open 
te the various departments, and even the largest department cannot cover all 
of othe fields. Conversely, even the smallest group we saw is capable of 
making a useful contribution, provided the group is not working in isolation 
from other groups in the university, and the area for a concentrated effort 
is selected with care. 


Somie exanples ot. steps. which would, in our Opinion, redirect some of 
the current work. toward innovative studies of more urgent problems which | 
arise in mechanical engineering practice are supgested in.the following 
paragyaphs. They are bused largedy upon initiatives which have already been 
undertaken ‘or proposed. dn the five vear programme of the various departments. 


cans oN, UNIVERSITY 
In te generak field of eneryy production the pais turbine is of sufLieient 


iuportance to justify, in addition tothe teaching of engineering fundament aliges 
a conceatratad unde rt ak ite, at the pradnate Jevel in-one Ontario universi:y. 


.atatleton has the staff nucleus which has recently been strengthened by several 


Ga 
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“very good people in this fleld, Le .can call. upon the specialists dn the 
~ §OVernment Laborateries, and ic has access to extensive test facilities 


Which are not available elsewhere in Canada. Accordingly we would reconmend 


vo ts work for continued SUPPOKE 


The oEk ia this ‘iseateeunk on studies of ant flow und fluid mechanics 


as they. relate to nuclear. reactor ..technology .ts. appropriate, and it is. 


os uneted that the group at Carleton is working in close i all with CGE 


; and A ECL. 


ina summary it would be eaveabte. we bebseves to concentrate on the 


ae _ deve lopmedt of a strong competence in the. field pe gas turbine technulogy. 


Many of the staff engaged in other activities could, we believe, direct 
their efforts in this direction. 


For the present we would treat the others as adjunct fields and 
encourage them to build up more slowly. The ebject would be to exploit 
these other fields at a later date, depending on the pace of development 


~ of the gas turbine ffeld. 


MeMASTER UNIVERSITY 


The saberatories are well equipped and the research work by individual 
Professors in the ‘core’ areas of mechanics, thermodynamics, fluid mechanics, 


is of good quality. 


The emphasis on Engineering Design {a this department ts stronger than 
ag most universities and has received wide recognition. We have stressed - 
the importance of design as one of the basic functions of engineering and 


we would: Like to see this: work recelv® even’ more support in| this” university. ~~ 


Seat aetna Engineering is recognized by this university as.a 
programme with a high priority and a strorz team. is engaged iu metal cutting 
and metal forming research. it is receiving substantial tinanctal support. 
from the university and from at least- one federal agency. Although the 
Programme is at an early stage there is no doubt about its ‘relevance’ to 
the advanced technological problems of industry and of the Willingness of 
industry to participtte. The requests from the firms fot research under. 
contract is growing rapidly. An Advisory. Board, comprised of leading: 
industrialists in the Hamilton area, has been formed. Good wOupe rat Low wind 
a Yeasonabie degree of coordination exists with other university staff 
work ings in ae ateie of manufacturing, engineer ing at Waterloo and Queen!: 


In our uripginal report we suntected. a stronger theoret inat idud-46 
suide the experimental work, to assist in the interpretation of the results, 
aud to provide a better understanding of the phonomens encountered ins 
metalworking research, For the student who is ‘theoretically ine} ined! 

this would inp dy additional PE Per VinseTES for study. 


Wee would Also. suggest that cons ideration be piven to the possibilicy 


Sor making | manufacturing engineering ‘the focal point of work In this 


department, Gnd that whenever practicable the orfentation of other work: 
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be changed tao conform with ie and te provide greater unity of ecftort. 

Co dt is te be hoped that the practice of cross-appeintinents and the 
“interaction of this work with other disciplines within the university 
“Cwhieh las already begun in soma instances ~- will grow to the point 
owhere the programms: will become a highly significant, if net a dominant, 
“attraction to students planning a career in manufacturing, production 

>. anydineer iit, or a related field. There is confidence that the graduates 


ot this course will be in sreat demand. 


ihe University of ot eis 


Gur eurlier report contains a recommendation for the development of 
juint programme in conjunction with other engineering departments of 
a: university at the graduate level. We continue to hold this view. 

‘Tt was based upon the facet chat the Department of Mechanical Engineering 


{is new and relatively small. The average age of the staff is also young, 


80 of the staft are under 49. The orlentation is rather heavily slanted 
te the academic, 70% of the staff have very limited industrial experfence. 


We Would have serious reservations about a number of the projects 
oproposed for research at the graduate level in this department - the work 
done hy industry on the performance and lubrication of two cycle engines, 
for example, leaves little scope for future development in a university 
laboratory. On the other hand we would strongly endorse the proposal to 
perforin researef: which would lead ta a better understanding of the basic 
svience and the problems underlying eperations in cold climates.  Problums 
identified with, but by no means Limited to, permafrost, materials, 
lubricants and correusion, for example. Lo accomplish this will require 
strony leadership, enthusiasm and a close assuciation with some of the | 


current. developmental activities.in the. North... We consider that a multitude ... 


of problems of this nature wilh arise which are worthy. of work at the. 
eraduate leved and that, as stated in eur previous report, they will not 
be confined exclusively to mechanical engineering but generally will be | 
intemlisciplinaryv in nature, 


fhe wrowiay cooperation betwen this facaltyvoand that of Carleton 
Karaverdity and var hous fuderal yovernnment agencies in sharing the expertise 
ef. fhe staff itd thie physical facilities is to. be. Conte mite L.. 


ee a oN IVERST EY . 


Af Was thy impression of. the consultants that the wroups covcerned 
wiftis teat trian aor aid flubkd mechanbes wetted work lip Father lidaupendentiv 
erent. another wind Chat sdue guiding effort toward amore, Pinited goat, 
wail wosto provide a target for many oof the setivities of the staff, would 
pe dendpaibie. 


Lather siailar conelustons applied to the work of the Institute of | 
ceddest Gromad Lradcpert.: The aetivities of the institute inebude work on . 
frack and trucked vehicle dvnimies, vibrution, stability and cuntrol, and’ 


fn 
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the design and operation of vehicle cantrol systems. | ‘Therefore # good 


oe athe ean be made fur integrating the work of the Institute with a number 


cet the projects currently underway in the Systems and the Applied Dynamics 
” Groups. Other groups in mechanical engineering working in the related 
. fields of heat transfer, fluid mechanics and propulsion could alse make - 


AM. important contribution... [here is censiderable scope in. this work. far. 


the constructive participarton of other departments such as Civil Engineer ing 


St gad Evenumfes. The feasibility of making the Institute the focal. point of 


thuse activities, of course, depends upon the support which can be provided = 


within as well-as- external to the university. Such an integration would 


“. provide facilities, a common sense of purpose for the staff and students, 
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“ond, in th: long cerm, afford the university the opportunity to provide a 
‘centre of strength’ in railroad engineering which has become an urgent 
“national requirement. None of this is possibls without the enthusiastic 
“cssupport and the guidance of the senior administration of the university. 


_ ESINENSITY oF ToxoxTo 


We would not attempt any detailed assesss it of the extremely broad 
spectrum of the work in this department. It is accepted that the staff are 


generally of high calibre, the students are . .ected with care and a 


signiffcant level of activity has been achieved within many areas of Study. 


Earlier in this report we emphasized that even the largest departments 
canner provide adequate training in all of the functions and fields of — 
mechanical engineering. Accordingly we feel that a greater concentration 
of effort within this department would be more productive and would suggest 
fundamental areas of study and applications appropriate to an important, 
continuing problem. area of engineering today, The talents and resources 
available to this department are great and perhaps.could focus on a major. . 
problem of national.concern,-such as we.findin-the field-of- energy. --- 0: 


VETAS 
Many changes have occurred since the Institute was first created and 


achieved its initial growth, At that time thére was a burgeoning aircraft 
industry in Canada, 4 strong uefence interest in gas dynamics and highspeed 


flight, and the prospect of considerable aerospace activity by the government 
and a number of Canadian firms. Substantial support for the Institute was 


revedved from defence agencies in Canada-and the U.S.A. It was an accepted 
fact that many graduates would emigrate to the United States. 


A genuine effort has been made to shift the emphasis’ in the work of the 
students tu fields of interest which are Tikely-to be of benefit to Canada 
- the aerodynamics of “buildings, jong-term noise control, the dynamics of 


Vehicles, are ‘examples. There is general agreement ‘on the need to be highly. 


selective within the broad spectrum of the expertise of the staff in plasma 
sefonee, low density gas dymamics, subsonic acrodynamics, flight dynamics, 
shockwave phenomena and noise. There is also Little doubt that the werk in 


tie piedd of structures and omtterials would benefit from a strong interact fon 


(<) 
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with the work in related fields on the main campus of this university. 


It is encouraging to observe that the cooperation between the UTIAS 


and main campus staff is -growing in a very practical way and is not . 
veo! ¥estrieted to the engineering disciplines. Indeed, our recommendations 

-. “for the Department of Mechanical Engineering have implications for UTIAS 
-- also, for the two departments, working under the same umbrella, could 
develop a capability id a Selécted FLeld - such as alternate sources of 
energy - wnted would canstitute a strong national asser. 


“entvesary OF WATERLUO 


We wana again stress bist no iaiwarnity is capable of soveetng the 


whole spectrum of engineering practice. At Waterloo the spectrum is so 
broad that depth in any single area is limited compared with what could 


be accomplished if attention were focussed on a mere limited area of 
specialization, Most of the independent efforts with very little 
reorientation could be brought together in a programme of teaching and 
research which would be very strong. 


The work in the field of manufacturing and production technology 


might well be used to provide the required focus. Waterloo is located 


in the centre of a large concentration of Light manufacturing industries, 
and, as a result of a cogperstive programme {alternate terms in industry 


and university) of underpraduate teaching and the consultative activities 


of the staff, nas established a rapport with many firms. It would therefore 
appear leeteat to devote considerable attention to the work in Production 
and Automation. The current effort at the graduate level in Production 

and Automation is of satisfactory quality, but the level of effort is 

small in relation co, the. needs of this country and to the capability of. 

the department. 


The staff at Waterloo expressed concern that during the past five 
years the number of full-time candidates for the Phi) im Mechanical © 
Engineering has been. steadily diminishing, whereas the demand is increasing. — - 
No doubt there will be a change when the word gets around of the number of 
job en the graduates are recéiving - at least in Production and Automation, 
Rut some ‘push’ on the part of the university, in recognition of the ‘pull' 
that has developed in industry, would be timely, and it Oui ue turn out: that 
in contrast te the more traditional toples the obvious ‘relevance’ of 
production, automation, and related areas Anvolying design, would nave a 
ee appeal to the _ students. 


PXLNERALTY uF WESTERN. oNTARIY 


. The i at Western inthe precise measurement of the thermo-physical 
properlies of huavy water is of high scientific quality and has received 
international recoynition. [Et is ulso of great interest ty AECL and has 


creestved. Pinancial support. from that and other government agencies. We 
‘onderstand Chat 2 programme concerned with new and improved methods of heavy 
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water production is aie consideration. This is to be encouraged, 


 pravided the current work can be extended. or redirected to place the. 
etiphasis, not so much on precise measurement, but more on more innovative 


.<inetheds of producing heavy water and on a better understanding of the basic. 


phenomena underlying the production. 


the principal effort in Applied Mechanics has been in the field of 


noise and acoustic research. Although it is mot identical, there is a close 
parallel with the work in the same field at Windsor. White the need for” °° 
_resuarch in this fleld will continue co grow it may be very difficult for 


.. this group to ‘compete! with ‘the staff level of excellence and Facilities - 


auvallable for advanced’ theoretical work which have been developed over the 


“years at other institutions, such as UTIAS. . The aeed for ‘Applied 


“. Avausticians' with a good training in the basics of the subject, who will 


design noise measuring instruments, advise governnent agencies on 


'. acceptable noise levels, and participate in the design of buildings, is 


urgent. Therefore we feel that. the Usrent emphasis at Western in the 


training of students up to the master's level in this field is highly 


cummendable. On the other hand we believe that, pending a stronger base 
un theoretical work, it may be desirable to reserve undertakings at the 


fh level in acpustics research for an exceptional opportunity, such as 


that which would be provided by an unusually talented student, for example. 
UNIVERSITY OF WINDSOR 


In the hepartment of Mechanical Engineering the main groups — enarese 
fluids, noise and vibration, experimental stress analysis and industrial 
wigineering - interact with each other and with the Chemical, Civil and 
Industrial Engineering Departments to a high degree, From the standpoint 
of developing a strong engineering school in the professional sense this 
interaction is highly desirable. Industrial Engineering, which began in 
the Mechanical Department, has developed into a separate department, and, 
at the wraduate level, maintains a peed working aEeAnEeHENt with the 
mecha teat BEOUpE 


Currently the thermo-fluids group has the largest pavitetoniten by 
shatf and students. In our opinion the projected number of PhD students 
to be attached to this group is unlikely to be obtained, and we consider 
that the proposed ratio of PhD to taster’ s students is unrealistic. 


In he work of the group. ia Sound. and bwaeion -the sanhasie. on 
machioury and vehicle neise is well chosen. It can be used to produce ~ 


sah ee peep es. and research results, of aerere use. The demand for. 


in excess. of the demand for PhD's, and one. codecs why the forward 
‘vojectton is for two or three students in each catepory. A contentration 

wn the master's level of training, at least during the early stages of the 

development of the group, pending a strengthening of the theoretical 


o backround, would dppear to be more desirable. 


In the Experimental Stress Analysis group a good start has been made 


re) a 
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and further work to exploit other phenomena, such as interferometry, 


is. to be encouraged. 
‘stress analysis, of itself, is broad: enough to justify a PhD programme 


“in the absence of a complementary activity in applied mechanics, 
; OL @hectrical/eluctronics technology, instrumentation (such as helography) | 


We rather question whether the field of experimental 


a “eee * 
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At this University the incerdisciplinary ties within Engineoring are 


strong, and it has been sugpested. that the work In experimental stress 
ooo analysis and in acoustics would be strengthened af both groups were to 
a. ontinue to work closely wi*" Industrial Engineering. 


L7 May, 1974. 
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APPENDIX 5B 


DISCIPLINE GROUP RESPONSE 


Note that this response was prepared before 


the consultants wrote the addendum to their 
report. _ 


Si oltre te 
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RESFONSE OF MECHANICAL ENGINEERING DISCIPLINE GROUP 
to 


REPORT OF MECHANICAL ENGINEERING CONSULTANTS 
OCTOBER 1973 


The final Pasort of the mechanical engineering ACAP abusiieaats was 


earefully studied and unanimously endorsed by the mechanical engineering 
discipline group (MEDG) on November 9, 1973. 


The MEDG after careful consideration and detailed discussions reached © 
the conclusion that the perspective, impeccable reputation, and international 
stature of the ACAP consultants give complete credibility and authority to 
the value judgements and recommendations contained in the consultants’ report. 


The MEDG considers that the recommendations of the ACAP consultants being 


general in nature are valid for all of the engineering disciplines. The 
strength of the report therefore lies in the very nature and the generality 
of the recommendations. We as a group (MEDG) look forward therefore to 
continuing the dialogue between the Coordinating Task Force, CODE and CoV 
in order to ensure the implementation of the consultants’ report. 

" The major and perhaps most significant conclusion reached by the ACAF. 
consultants was that the quality of the existing programs in the total 
System is both viable and acceptable. Though the consultants challenge the 
departments to redirect Ph.D. thesis research toward innovative studies on 


problems currently relevant to industry and society, they make the unequivocal 


. statement “We have no serious reservations about the extent of coverage in 


the present programs certainly not to the point of suggesting the termination 


of any”. In effect it is the considered Judgement of the ACAF consultants 


that each department, possesses the intellectual and physical resources ta 


ensure good PH.D. study on "mission Oriented research" and that there 4s a 


place for the small and large departments. 


By reviewing the available numerical data and statistics the ACaf 


‘consultants concluded that the so-called under-employment and Gver-supply 


situation for mechanical engineering Ph.D's. does not exist. They went_on 


to observe “that due to emerging immigration policies thé stipply of gnod ~ 


os 
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a: D. candidates by 1978 will fall far short of demand". | they Stash 
te that, in order to effectively combat the erroneous and negative views 
whieh frequently appear in the press, engineering faculties should maint ain 
“-uprtodate historical records of the careers of Ph.D. graduates and hetter 
. information on job opportunities. The MEDG in turn considers that @ high 
devel fellowship | and scholarship (program aimed at the aie students" could 
~ narrow the gap between supply and demand. 


The consultants fave pinpointed the two . ehalbenaes which we face. 


| First, industry must be kept aware of the value of Ph.D. graduates, and 
_ second, competent students must be informed of the importance and benefit 
- of advanced studies. Two of their recommendations are aimed at meeting 


“these chalienges, namely. 


a) A Ph.D. program should contain six rather broad and 
generalized courses beyond the Baccalaureate comprising 
of mechanics, solid mechanics, fluid mechanics, transport 


pnenesienay EnREROsynAeace and modern appiies mathematics. 


kb) -8y consulting with colleagues at other igaa teat iane and 
with granting agencies, individual research efforts and 
graduate research theses could be made more relevant by 
a movement toward research on the phenomena of greater” 


concern to ‘governments and “industry. 


The above concepts of a Beoud based academic program and a thesis 


research pcre were accepted without reservation oe the MEDG. 


Because of the present financial constraints the MEDG, push agreeing | 
with the findings of the consultants about the desirability of hiring both - 
mature enqineers (in the age range of 45) and young engineers with peonree 
(30. years or, less), considers that it will take sone time before this car - 
be implemented. Rerhaps a partial, solution to the age distribution problem 


would be. to ‘regularize in aomore ayer manner. the movement of- staff 


between the universities, industries and governmesit. The universities, 


the provincial government and the National Renearch Council cendd he ne 


Assistance by remov ing obstacles currently accociated with tenure, pension 


a SAiagy erttereai aig and working eopacei dee: 


a The last rovemmendat jon. abcut.. the. BLL “dilemua. has been. the subject. of... 
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maty diverse ACAP reports. The SonCene of more or less ecuad oe per 


_-Gapita support at all levels appears to be valid but it is equally apparent ‘ 


‘that a transition period (measured in years) would be required if their 


~ recommendation is accepted to prevent serious dislocation. 


Respectfully submitted 


ee wl Lek we a y - kee 
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EAS. Nowak, P.Eng. 


ESNien Chairman, Mechanical Engineering 
7 December 1973 Discipline Group 
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UNIVERSE TY COMMENTS 


Commits appear from Carlecen. Mo Master, Ottawa, Guecn's , leronte, 
7 Waterloo, Western Ontarieg and Windsor. 

Be€e that Chose meospunses Cexecept that on payee Cesta) were prepared 

Pedetre tite centriubbants wrote: tue addertduan fo fhlreie repere. 


CARLETON TON UNIVER RSI ny 


RESPONER TO Porn ACAD ASSE: SULTS § ON] mote ERING 


Ba oe oe 


Sa Lncreduct dan 


Carleton bikes the view that groups of disciplines should he 


Sevdlaaccd Nefore ne Tear pic ture of thi nituation wi thin as Inge disc tpl tne 
C iyibes Cuiained, Lapar rz on any one coament, considered in Isolation coald 
. Toad Lo QQ CF Fem cous judy ement and unwise and precipitate action, Three 

| oumnaer teat final ansessment reports have now been received for engineering 
dis = iplonce Gm awhdet) Carleten fa activety invelwed: Civil Popincorings 
“SiTeens ivi Pupdmecring, and Mechanical and Ae romaut ical Enupineering. A 
fourth report deals with Metallurgical and Materials Kopinecring, of Tess 
calivewh concern to Carleton, White a fifth report, not yet received, wilt den 


Can Cietieal Teese rine, 4 diselipline net represented at Carlteren, 


this response will address ftnulf to the four reports which have 
bes teecdved cat omariined ta date. Weomsy wish te add further consents. . 
Wet ats Py aetna’ Tins paw a tediad., 


tT 
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e foee as pand death of amasioity on a nusber of fundamental 


questions apaae the fifteen consultants involved in the four reports so fir 


(received, a commocality of viewpoint which we share and endorse... We heliore.. 


that Puriacerine diss fan most fartunatc in having the assenssuomte earrioad 
Out bs oa group of consultants whose iuternational stature, valucd judgionment” 


ane per: pret EMG Hive authority and eredihitity to their studies and 


Fiorts, tn yeueral then we accept thet findings: sud subseribe thes ae 
re eannn ja Ab gtys W oo othty it few exeontiows to be noted Tater. 

epee 3 In this-r sepense We eich 1. ee firstowith those matters which we 
ae > he banie aad rener aloin nature ame Toave until the end ear Shows 


or Be dt i¢ points raised in individual roports, 


AEE T danedty in obi. iaadang jobs hye stude nts. vlose to furnduat. joa, nor do they 


e 


BEST COPY AVAILABLE 


Matters of a Yeatoront ar i ele Nature . = 
*~ 9) Control of 8 te at Nae ere: 


The Frew repartee ape wan danonns in their opinion ad aL previous 


Antiesstes of ae tonand for? eng incers 1: fth doctorwtt depress, notably: these. 


ai the Lig pert af 19741 and the report for crm of 1973, have erred 


By Titre crrmeegs on « 


sOriess ly anh. ihe a side, They potnt ‘aot that there ts no “ovd dence at. 


oo férenes difffem cies in the tuture exeept for thease which enrmatiy occur in 


; hiphty epeeiatioed NEOs. 


The ceusotltonts reject the nation of quotas applied to deparivc ats 


teccontrokb etudest members, in part becunse the detamad soon likely 


to exes the suoply thay the rewerse, taking quotas unneeessarv, but in the 


watu beeame Choy feet Uiat other means ef control are to be preferred. The 
report on Elovtviea) Engineoring pute it this was: “The number of doctorat.: 
granted in eleetrical engineering (showted) be determined by: 

(i) avaltlability of qualifted students 

(if) daiutenance of ade quate stemlards by the unfvernities, oud . 

(iit) othe existing capacity (staff and facilities) of the universities 
for pivins adequcste training.“ The Mechanteal consultants refer to CHS 
natural contrets and fa Od LO says Woe vould wish the resources of the _ 
(iene <vHten, Which are predicated principally on undergraduate comune 
the market donunds, the quality of the programme and the goad judgement of 
the departments ta det ermine the tetabo utmeber within the eyetom," 

Carlet on subcerihes fully te these Views, » believe that. rether 
fig throu) esatastiy impos d quotas or Linitatious the undverstt ies 
dnddwicauciiys ahverdéoecontrad oacbers liv reatrict ing sdniss foncte studenti  ” 
Showin, hiviy pre. dea and be maintadning odquaute acnarde; The latter 
tovetis gv with Che market demayd wit) provide an adequate control, We would 
he prove te capper t the developeont apd adopt iter of an evaluet ion scheme, 
Leona ay thar chat ie due ou ened at Corte Ler, We hawk ore Ke applied ACTAES 


aly iw igbime: ond whieh comld be used in Che mondtaring of adaist dan sf fandards 
4 


Whois he biws phoukl te aomotter between a univers Sty and AC th Ge te fove,. 


é 


. however, that the duterpretation of Chese standards for dudividaal student 
tases showhd be Yoft te the informed judgement of the university concerned, 
ct RY Mailigy of Folsit ing, Beenie Suggentions for Changes 


“Faron the iv cutirte nis on the quality of the Th. De ProRrannes for 
che : ayate togiatersbhiy, ft is (pxeitiataie.caned tants. hetteve: it-to he. . 
_aadte ae cup ange . The: Civil essenttants potit out that “the system providuc a | 


Steed ae coverare of the field and specinit ies without undue averdap ona 


rey Fin a kavde.” Comoents on individual unfversities draw attention te 


dense vies faom the nore du bath directions. 


Pratt, A ceosmon theme runnius thr ough the reports is * the need for Aroater 


Plexiisi lity in the future. The Metallurgical and Mate rials consul tants etate 
r thitowey: "Ae Comadiana industry heecors more sophisticated and has te 
rely ewer advenecd technolopics, it will have toa learn how to fnily 
“atitiee the talents and shkilis of Pup. graduates and the universttdes will 
have to learn haw to develop Ph.D. programues which produce iImayinative 
engineers capable of responding to these new opportuni ties." These comm} tants 
also reccomend that programpes be so designed as to permit graduates fron 
Other spoecfattios te change speeiattios as they commence Ph.D. wark. 
The ‘consultant: 3 alse show a Aciree. of consistency reparding the: 
necd te shift the emphasis in Php. pregrammes to meet the situation of the 
Seventies. The Electrical consultants state ft this way: "The educntion of 
PH.D, students in areas ef natfonal need is a more efficient use of resources 
thon isca random chedee of fields followed by a period of retraining.” Tn 
redatiny it te thefr field, the Civil consultants state that. there should he 
oss pbress on tr. aditfonal ATOMS, particularly s structural engineering, and 
more rt Frees an mode ddine inl inary education, enviroobontab eny, ince ring, ind 
trauspertation. © The Mechanical consultants recommend a freater emphasis 
On ae eine iy eng deer lie, and denign. | | 


Clone contach, betwoen universities” and TEMEt SY in felt to be 


om 


fepertenat be all the coneedtants-and individual mrivers ities have heen singdod 

aut fer coctemhaitian shore this ccontact.is reparded.as.oxemplary.while others 

have boon asked to 4 apreve in this reepec t. | | | : 
Onee aenin Carleton accepts the findings of the consul tants Ort the 


quudity: of Phe cemiad faagy yragranines sini re views om the on atur co oof Ph. D. 


ERIC propyrmanes requ red for Lhe immediate future, We fool that we ' have already 


“ERIC 


i ‘ : 


thin in. their reports. 


of eritieat #tze than the. consi] cants. ho carried out ¢ some. of the earlier 


departronts, 


ea 
BEST COPY ANALABLE | 


hoa : Sh ae om Rage Ok a es i AR ee Gente ei ee oe na) Ba Fe ap Mga, Se oPule sh ggicd eee. 


ak! 


“nade considerable progress: toward achieving the desirable objectives set 


. cane by the consul anes and ‘that. we have reedived: adequate ‘recognition for: 


a ‘Critical. Size: 


“The Fagineer tng: cans iT tants are far Jess concerned about, the conerpt 


’ * 


oy Tanning ass sessment and: show: as much concern Tor the disadvantages of 
P ft : 


.Ybapneys" ag of smal nvsy. The Fagineer ing constltants place: their primary 


omphas fis on the quality of the student and of the faculty rather than on. 


“SBlze, a viow which ve heart ily endorse. 


The Mechanical consultants take the gtrontest ‘stand apainat the aotien”’ 


s 


Bangg eich a ioe a Vhite admitting the advant ages enjoyed by a larpe proup, 

sothey po en te express their view that "a drawback to the large group is 

othe diffftentty of adantins ta change" and further that “the preups in the 
‘smaller departients often displayed an original point of view and a willingness 


to adapt te cheite that was not apparent in the larger and longer established 


“ They found more cross Linkages between departments and a 


preater tendoney to establich outside contacts with government and industry 
in the smaller facultiog, They conclude: "In our view no creative frou, 
and no capable individual within. such a group should be denied. supnort 
beesune it ds swall." The Civil consultants echo these views: "Size ts 
mot a sufftetent. criterion for judging whether a sehool can offeria Ph.D, 
Proprcmmy” and also “there is ne a priort resison why a smal] school cannes 
prowide as eat infactory an onvironment for the student as a large school." 
The Rlectrical and Metallurgical and Materials consultanes are net 
as definite on the matter of critical sire as the Civil and Mechanical 
cons ult DES The Bleetrical consuttants felt that a desirable size fora 
depurtmont fol) i: ie range from 10 to 20 f. leulty with fren. 10 to 20- 
gludents earelled but expressed the view that "high standards of excellence 


with ew phas ir nt auadyty) rather the ¢ pant ity wil, pay off fn the Jong ran? 


The Metablurgtecal sad Materiales comeudtoants dr a ee ei te the contyast 


befteoon he Nr Ph AePrencth be Yen, education aad around thre thes di 
and requiriue anly ome geod faculty omerber and the American view that oa 


department needs to be sufficiently Jarpe tou provide a proper range of 


aoe Hans 


courses Etce Hise? uf the Fugues t cu oe 


appre: chy ¥ The consul Cink t 


be taught” ‘ty hic citi re “afctte” “has ‘be 7 seTenee abit Ft mes 


Eng icing, f Faculty’ wbithchs "and: that thé erirteat : cine car the care. “der ides: 


a rR reat Ne ar Me i lhe “si réuy ths fa yet ines: mae! a ck oe 
Beer ae te Ab we : “bee oat i isiorea: Be: ¥ fatto on ae abe: aa une ce oer 
non} ie pine er SHR, preter nes. - is os ae a aoe oan — ewe ges 
ua ee i he nae ed cabs, | ctapleton’ ita santy, iu aa ee uk re wi he the ak 
qs iion way crit ie, = Hae ‘ ak ou by: the Tuy Attar “ Eng” conunl Cats aid oo. wea ea : 


an bien ii 7 the View of tie Chess ivtry or Lemantes eopialtants, TOT ACA Ae Mise 


on anid te Rte Ye 


mere ‘) Proportion of Voteden Stiptents: 


CATT four of the reports under review robe reference te the @nre tice 


ee OP Loreto students i the paadacte: progres at Outer oo Universit des. . ie 


Rho ETetyicgl) consultunuts noted thac the percentage of doctoral 


“ati Rete vath firet degpee: fro Canadfan universities wan eanctetentty on. 


“the reate Prony 47 to Slo over the pasr five vears. VYhey believe an ides 
pds shin bed involyr poudeute with a variety of buckevouuds coms, frem war dea, 
dit Coutt bes Saad Sbeuld fra dude same stustenta from forcipn countries. The 
Vattor they feel shomdd be in the minority ond they eumroee 257 as am 

n Uitte <ehpter ‘ite poopertion., the Cayd) consuldanutsa expressed concern also at 

. the Tos eters of full-time Th.D. students who had obtained their first 
Heryee Uh Coohhe but eemirked also thut the pereentage vas much higher for 
yartet fie efodeats ad faeentod that purt-t fe studies should be oncauraye id. 


¢ 7 


The Teehoisdeak cemoattoutse, while neting a similar propertion of 


elton fire @epree rtustents te these mentioned abows concluded thot 


Beene Coe, 
“we eantet count on Coount ian ondery r. iderste schools Sto provide candidates: in: - 
ent ficieur nurbere cad that we nmaat sont tonic to rely on students from abroad. 
“Yhe Jatter combd Date i niceties se in nunher ta Che future dive to recent polio 
ea Changes lity fa “ape a tee Ts ce 700 and fin edad support for sot tudarash 94 S984 
Rando boo ispat Ptafes. They Sugpest thet support for such students should ~ 
genie Tia ayprepraats federal agene fos such ais €1DA,. 

Yhe Metal bury icc l tad Materials asians find that "Canadtan 


Andustiy umoble te (itd iO: Vacanedes with Canadian graduates ef Canadinn 


“enlc 


origi Lo preferred ‘toi import praduates Tron British or ‘Aust ral fan origin’ 


ris ther, “tacan oh ploy. c ‘na in of. Asian. or igin™ They., recommend an “nteagificat iow 


of efloriy to Beeailt -Tinyer proportion” vf: Phe De studen ts. from the graduates, : 


of et lis in cuntters te ied. © 


ada 


"s 


2 Garleton. da ain canreecont: with: thee consiritants: concerning: the 


dep de deits ty uf hein he WiX cit’ ‘students: tron aif ferent universities: dit, 


ook Fa 


ae 


Cans if i: fr Hie Tee 4 ori count t fee: and? Bay hav bon an “reasonable b: al ance. betvs © ae ss a 


Cine et sti fk oe ths eel ain fare sf degree balders. i. The. problem of foreign © . 
otadents es hanaty 3 pieced as “one ‘of ‘conerel linn, ‘their munber. “We belicve 


” th {4 ths recent: irsigeat ion ari Pian sy ‘restrictions Ampored on” this prey een aes 


ao v 


Al Ly tue evens Isat, the | Bi, park “and tas problom in. the future may well be. one me a 7 


ie he far rather €hoa Cod t: sy foreign students. A more serious problin is 


“ thart et tow fey pradeates of Canalian scloals combarking’ on Ph.b. work. - 


eee 


vere tat Sapa Sppeifie Met tern 


ce _ In this section we wish to dest with some specific issues raiocd in we 


Prdisdidioed arices:. at reports. 


Pe ae 1) Civil Mucincering Docloral Plenming Assessment: 


The refercnees to Carteton University throughout this report arc 


genoritiy faveurabte and on the whole we Mike their conclusions and 
cee rgeaumendations, There are, however, one or two points we wish to question. 
| In Recommendation 3 the consultants suggest “there is a case for 
nore consistent tequirement of acceptance for Ph.D. students between undversd thes.” 
We are uncertain ap to the ne aur ing, of this sfnce it is not discussed in the 
: a | body of the report. We have expressed tha view earlier that there should be 
a syste, such as Carleton's scholastic index, for evaluating, students ageress 
all disciplines and that OCGS might mersitor standards ‘of admission: Rene ae 
Me do not ree “the need for an external person on acceptance committees hut 
eonttr te te suppert the position that there should be external examiners on 
thesis aeonmittees. | 
Ve cannct accept the proposal in Recommends ‘clon S eencerning the 
cols spe ing of the PH.D. ras im he underpraduate BT. 's abthourh we 


camo support the objective. We dbelicve that a major re-cxantinat ion of the 


: a! a es RATE EET Fae ae co 
Formula for providing oper ra inh funds ra ‘the univers it ies Ls called. FU pn 

. fant | just miner iA jusenic nts “to B. I. U, weightings.” oon ea ee ena = 

oa We ‘do. net Hee. the: neces Tye fave the: further. prokiferatton: of. he ree 

a ; dentin laine which woud Foal t, ‘Fron’ thus: introduced ton, af the Noct or it 


Engines cling Doge « ine inde - in Reon, rinens the ion oe We “support Ful ly, the. 


4d: alent! eon ° nt of oR. yang 3 of Bone Ibi ities 18e, aA, doctor: ih thesis, ~ 


’ 


for the: Te 


and je irwees ; Sue ontty but “wel tre Neve, ‘the re poiulrenents 


. should Ts AHesible scart oe pers mie. ahi ig. as, ds. the ene, at, Carleton. ee ee, 
: oe Br) Rare el oy, aw tan, at ‘Paigranws 1 int hve cir ical Fogiaerr ing in anit pane a 
Univer rit tos. a oo a arc _ ‘, ° re 
| lo Foe herp purposes ‘of assessment: and? ‘reporting, “the ¢ Sipe alennes: aye 
Ped Carleren" 5. departrints ‘of Elecrrontes: and Materials’ Pogineerinig ad 
. Tn. Ad tiet ae Fr the din ie ipl ine title of tH lectric at. Tag incerLny. Meee 
Dy a Garkoamt any cune Jars ions ti a recon ndat Jons appl y uniformly Lo Our tite 
te Rete. ota, Te re gard tide report ana highly competent and thorough nose. 
Poh yah The Hasyn. 19. the carlicr sect fons pr iax to the evaluat ion of 
dy Basti. its EN to the whale a deprec of credibility that is probably tied begun? 


eke ie “whe As report. 


Cay tores Inivercity has received a uniformly favourable assessment 


ee Se mais Fhortrical Trgincering. The Ph.D. programmes in both departments are 
; cont bie red to be “strong. The interaction of Carleton with Laboratories 


aud fires in the Ottuea ures fs deserihed as a “model! while our prayucccrss: 


Pare let ae peaioed as beadas | ‘anarearcad Ly Hist cuntcuporary relevance.!" 


We inter! to purstte: our propesed five-year plan far the graduate 


Se rep ese dn PPootr feat Eneineer fas: we believe that our present organist ion 


« 


; Pater the fate devearteents of Elec tronics and Materfals Engineering and 


Pupinecring is the sost apprepriate and cffeetive fer our parposes and. 


1 


oe a .  Untend feoraurhntedu fhe ari “ni vat bea, 


fee a ae Veo hove thetesd the penerad reeetoendation Chat oudy students stheving 
as ve oh, ers ep oats itr work show had hi cnecepted: ite the PhD programs; = 
En ees Fee 1p s reeerpendat fon, 

a Sagat 


- : fraps the: matic nat Mead or tinier feat nt. Gone: eid: to the: design. ar apphicn ation= mae 


BEST COPY AVMLABLE | 


s a Ae: alain to ovoe the: ‘guia: growth in. graduate. oraicat numbers. 


proposed: Ain. the five-year plan, fut nate: that. in. the. consultants! view. this” 


growth is modest ao We shall, i ea ‘to be responsive to the ao 


applications whicl: we receive: from well-qualified student's » We. expect: that 
pur: prowth will be, Mrited. te a natural and. noa= sexcessive. rate by. the Lite’ | 
. ava idabst ity of good applicants. ; — ae eee i. cee es a ae Bs 7 
: We believe that ple ds. pos: sible 4 ta. -inerease. the scale. and ‘effect tyencss 
a of ae ass So fations, with Jahorator iis ae firms. “im, the! ort baa. atea cand - shall. 
- | a endeavour, “to: Soyplott, Farther” sue on ints : era t tons oy ea ae a ar 7 


ay 


The: reedmmendat fon that. ‘areator use: No made. of "graduate cours 508 - “given: 


at the: Uaiversicy of dctawa, is accented The: ‘eptablishnent of 3. ‘close working 


-teTat tosh i Aver the TARE. Lweyeras “perad: hat made’. the. ssharsng. of, “courds, a . 


4 


in offer in nnd: Facil iter domitueal BUY AB. which ie: is Antended to. explodes key 


He. aces 1% the. ve OL of the ACA conisuadiagns, without. Teservation. ae 
‘4 | . 


ois ider the Hssessont to have: been fairly and thoroughly done and 


2 petieve that the report as a whole will he of considexable henofit to the 


a Yects teal r ipucer ing profe wigdon in Ont arée and Cunada. 


a ae 
Bog a BSN 


3) Report of the Mochoatcal Facincering Consultants: 


os | We accept the ACAP const tants! report on Mechanical (and Aeronautical) oo 

; “Pnetnecring without reservation, We cans ider it fo be a valuable, a Na a 

| well reasoned document. The report ts thoroughly credible because of the 
tompetence and internet fond statare of the consultant team and the excellent 


overview they provide. 


We accept the consaltauts" arpaument Chit, because "the developing 
ae market could easitv absorb douhde the rate of output (presently about 


30 Pa.D.'s/year in Ontario) during the west five years" and because of the — 


BOT bouts midersupply of qualified camtidates, assigned quotas for the Ontario 


“syster would be meaningde: ns. 


ie apiece that wdlequ. te cupoeldty and quality exists within the 


Coed ks dep atiseat and tht eee absent Pic si ae resesrch arean should be made 
Within the individual mydversitdice.. Weare Scept the erit fe Is oo thy at excess TvG 
o effort Prates > Peeters te oted Lo "Croadit done! nad ehusnical reds of research" i 


cand that our efforts should cemtimie Ce Be re-directed towards rescarch more 
ERIC!” “pert faent Lo the practice of Mechanical and Acronautical lag incering. We 


thei 


‘benef ictal effect on. the research of. the. faculey, and graduate. students. 


wg 3 Ser r Bt FP Bera. eee 2 Zee, cred re 085 f 7 ge pags 2BER {IEE 4 asi a 
de = ry a * ox : tw ae ae pee rar a age WEEE e & 2 . ~ F . x 
é te t 
: ai 


agree. that the relevance ‘of. the research work gia. be enhanced if suppurt 


were, nade: more. ‘dependent, OL, contracts, Tron high. technology. Industry and « 
appropriate fede oral geverament: departments. ee pe a Ane 


‘ “We: intend | to pursiic. ‘our. ‘proposed’ Tivesyear’ ‘plan and: strengthen our’ 


contacts “with. industrial and: “goveritnent: laboratories.: Ne, will. explore the 


pos sibility af estab) ishing an industrial research institute (or an office — 


af industrial ‘yexearch) since. these institutes, are noted as having, a highly. 


mi Bete ay aie: : ee Fa ae ss Een yee ate 


“He applaud the 1 recommendat ioa that a good ‘Ph. De programme should - 


_prowiiee breadth: By moans “of welt balanced” course work “atid depth by. Tne: ans oe 
a thesis, invalviag, subst ant Lal research’ on. ‘a specific. and topical” enpincnring 
_ Problem. oe Doctoral ‘graduates | ‘from: such | a. balanced. educational Programme: wil 


he able to: nave, into. indust ry, and. tackle problon. solving. on, y bread’ fe? 


We hope that it will bo clear Froth the een. that we find “the 


peta ecnerally quite acceptable and can endorse all their major cont Tusi.ons 


and, recommendations, We regard the specific points on which we disagree with, 


the consultants: to be minor in comparison to the aggregate of the issuct. on 


cwhieh we agree. 


year BY OR. Love 
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RESPONSE OF MEMASTER UNIVERSITY 
-_ : REPORT ON DOCTORAL PROGRAMS iN \ MECHANICAL ENG NEERING. 
\ - , oy aoe anh, ae “At ONTARIO. UNIVERSITIES. es : oe es ae ae 


General Comments 


ey tack 2 specific ond ani detail-j ‘in. ee review. of. ‘current programs. ‘is hip ON ag 

_- While-the: report found. the "Five-year programs generally. acceptable", that is, the. five~ ee 
year plans for each institution; the lack. of tha-analysis an.which such @ review.is built” 
omeons there. is no-new overall guidance forthe planning of the! future of our programas - 
~. part-of the: ‘Ontarid system,” It istrue. that the report deals. with many, ‘of the facets.of - ck 
— PRD. Mechonical Engineering studies in Ontario,. and numerous. specific judgments ore. 2 made. _ 
"However, from the infarmation supplied: to. the consultants in-university submissions and - 
 undsibbtedty gained through their visits, much more analysis would have been expected. 
eal might well have then ilumined and reinforced those judgments. 


“via yes 


: Sgiucttic Comments 


7 Certain inconsistencies arise in this report which we wish to note, since they illustrate 
= jour main criticism of its failure to provide detailed evaluative judgments of each program 
“inits varying dimensions. The consul tants do provide specific comments on the University 
af Ottawa and on the Institute for Aerospace Studies at the University of Toronto. Such 
iy specific comments might well have been expanded, perhaps in even greater depth, to 
> gach institution ina manner that would have been equally helpful to those schools in 
nlanning their future development. 


an The consultints claim each program to be acceptable and viable {Recammendatian 2}, 
yet they note (A-15) that each departmen! had shortcomings, programs lacked. imagina- 
toa, and needed redirection, pein (A-1% some research is noted as being in a “mare 
Teapartant aad. sottemporary aren” ~ with the direct implication that a good deal is nat. 
Sy sould Jisim that ad more thorough visible analysis of strengths and weaknesses, and of 
ioe costete G8a atast qadt arure intipacx tant resgarch, wauld have greatly strengthened their general 
eo tGdemons ana giecn much guidance to each university. This same problem arises with. 
Ee their jody cunts on theses, where (A-19 the claim is made that “mast theses were indeed 
Vo reper ts on creditable doctoral work". Unless "most" means very clase to. 100%,. there is 
oe ith wall rogn for concern which seams fo. call for detailed - xposing. The occasional | _ 
ae ete egiasttes thanta”™ CASLG 18 © gntradicted by .Aeba: omost ctten the result isn thasis ar 
a paper sith little pormanent value and no engine ering siqnificance. ff the lattar is 
‘tree, thon the seed for th: specific evidence and thoroug! analysis is arcat iadied. 


ERIC 


tye ih 


The: eee stress the eee abe treat - ae in philaephic” terms. and specific 
“orstis relative. to. numoer of. courses for. duc toral students. (We endorse heartily the ry 
sucept of a. broad. program. and endeavor consciously. to meet itin practice. ). Nonetheless, 
tip consultants specifically. reject the: concept ot minimum. viable size for.a group. involved’ 
in Ph Du workvin Mechanical: Engineering. if appears to us that some minimum: size -is 
pe to provide the breadth that they advocate. for. the core: program area. ‘suggested 


- Lrond =13); Appranimate, ‘determination, and statement of this from the documentation ‘ : 
vaileble ta. them wauld seem to have. been demanded for feinforeing of such on important i 


opinion. 


“ 


The: onan oe eee tovour- ede Suppert ay rol need of. ccronclinleien 


between. departmehts dnd ariong ‘dise iptines. « We hold the view, thar the ease of establishing a 
iwch cross-linkages.is. not-related: solety. 40.size> a8 ‘implied: by: «the: consultant ts, but rather = 


12 pee ather factors including the existence of high quality gradudte work. The: latter. 


esl Boras mugh the’ énise of uffective grdssstinkages ‘as the result of such; of chained: ee ee 


7 zy" tsa “compultants, The: feport mentions Ottawa, Queen's, ‘Western: and Wiridsor as hein 


me tevwork, ‘end research, working relationships at McMaster. exist with Chemigal. : 
Enginte rng with: Electrical. Engihesring,. and. also-i ‘in. terms” of. an ‘active soli 5] me Lh 
ete Det went Chel and “Mechanical . tn terms ‘of fruitful external contacts, small depart _, 


Or a9. ‘relationships with Civil Engineering. it could welf have. been noted. that in. 


ot 


\, caments sre again. emphasized ~ but McMaster. (not specified as small, bul. we are Cite ins 
{ haicstegary |. has ‘alsa bod the same. “qutward- ~looking viewpoint" in conjunction.with . 


“ax 


-oworiat NRC, car otner universities, and very closely with local industry. Here dgaifi, 77 00 
presentation of definitive detail and some asserting of fhe precise indicators being used would | 
or ah + tuldedo clearer picture. We do not consider that clear evidence has been presented - 


savor one size of department over another relative to the establishment of productive 
‘arnal relationships. 


vy The question of assignment of specific :esearch weas to particular departments és pean 
ene in which the report leaves us somewhat unclear. Recommendation 3 clearly assert. 


= that such assignment should be made within the university, and not by an outside agency. 


oe \We agree definitely with this os a general and sound philosophy. At the some time, we 
accept just as definitely the idea thof valuntory associations such as CODE ond COU will 
oniddn achieving a “seasonable degree of rationalization” (A-1)). This might seem to be at 


carinace with Recommendation 3, but to us is the correct interpretation of the strength of 


(.e3elul tative acrargement in the Provincial s,:tem of engineering education. Equally at 


. Eisen iS Per on snang on Page A~13 that certain closely related efforts (in metal cutting, 


‘wc. go not overiap but could easily da so/in the future. This appears to us to be 


cigaly the eosin for having careful specific advice from those who have an overview of 
J and the reason tor close institutional coordination. We consider - 
v4 aeaibabphity of Wahelegs knowledgeable advice, of periudic constistion, 
coordinated vuluatary effarts arc olf ones that saauld aid tn having 


0 Pyscuniyotslt, Ttast? decide on the sost productive ond uteful assignment of srecitic 


mayetreh areas. Tre consultant: were, as we understand it, fo give such direct guidans. 
Sed edelce Grechicsree asm others Jor example, Page A~27 i in their Ops sing statomenty, 
end ot. dy O° PR Hie Sat oo ele vi tt bast beseasy pa avrctedd, 


eet ee i 


statements. on design and on production. engineering (A=15), on. which we: have PRG es 
much of-our effort for . ‘number of yeats.” They algo draw deFintte attention ta’ the: “steeple” ; 


We nov eturn ta « one Guparaane ared Pwhere | we cannot: a the: comoliant view - 


-as being.at all consistent: with actuality ~ certainty. at. this. University, - The-consul tants... 


list Am14) eight areas, with numerous topics-in cacn, in which. they. claim. “little of no. 
research effort. ts ta be found''-. , Research at McMaster: has. gone on and i is. going on. in six 


of these” categories, dnd the | majority of our graduate’ theses can be fisted in such groupings. = 
In addition, -most of. the. remaining research. topics that have resulted i in:theses. at: this- . 


University €an be: identified as: having strong currént relevance to industrial problems.“ 
Also eessings ia this admittedly, portial. ist, is the very small number of topics reloted © 
to design and produ tign: engineering which they have’ lauded (A-i5) and. to which Hey « 
have saquested increased attention. ‘2 Wak 
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"The-consal tats have emphasized c a umber of  giccaftede'n notations cand tonkupts wi th 
whiohwit is. easy to agree most ‘énthusioshically.: We do:so,- of. COMse, +n regard:to: their |. 


of excellence” ‘concept, using the Insfitute of. Acrospace Studies ¢ as at fitting. example. - ‘Na.- 


follow-tarough-of these concepts, however, is.given : in terms. of noting, which Fields, ere ee 


and. Srecetmen ts. have. established: at. least a strong. base. for such e a steeple. and hence. 


Tare 


coauch greas, “basal an ‘adequate quolity Tndicaters, wauld agath hove provided c an aid, to 


a planning and, inde ed; an aid to future Financing. . Ne regret. that ee Opportunity was lost. 
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“Aacommendation. l. We agree with the cadornmendstien that there head be no. 


ayelg gned quotas for fh.D.'s in mechanical engineering far the.-Ontario system as a whole 


: aoe. for the individeal institutions. We concur with the consuttants' view af the shart- 
““gamings of the CEMC report on doctorates in engineefing, and in their view of the projected 


“nveds even though no documentation is provided for the latter, . The opinion that the 


controlling factor is now and should continue to be the supply of entering candidates is 


ae again ane that we do not dispute, While the consulfants judge that our system could 
uF. gceept up to 300 doctoral students as compared to a projected total of 170-180 by 1978, 


Oba! 


' they. are of the apinian the number may well drop to 90. The fagical expression of this _ 
‘sucrrory opinion should have twa aspects, in our view, and both ara missing. Firstly, there 
fs complete cmission of any qualitative judgement about the wisdom, reality or capability 


 Ofeish decartrant relative ts itt five-;ear projections on enrolment. Secondly, there is 


no indication of how a reduction, for example to %) in the system, should be mat. We 
regret these omissions, as we do that of the opinions that might have been expressed 


fogarding matted such as desirable "cross-flow" of Canadian studumts Ge. doctoral studies - 
dae diferent totitutran than undergradunte studiest. 
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fee *% rie ere a Vie have indicat carkier 4 in ‘aur fF response. that we ogee. Suit ia 
universities retaining. the: power of decision i in assigning specific research areas. (rather than: 


~ Outside ayencivs),.We have: indicated also that adequate decisions require os wide and. 


objective information and evdluation : as con be obtatned In this report we are left with : is a 


litle that! ‘on, one ‘ak. directly: $0, -our: ‘condi tion, and to. provide US- with guidance .: 
fied omaeidation: a ve indicated. previously, we support | ‘ibe principle of this” a, 


average. a tween 3. and 6 full soutses, pithy a sninimum. of 4; Courses 
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| recommendation, and feel. that i in practice we meet the. spirit of. it, ne our: students os 
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we support fully: the. concept of special. ral as, including orgshtzatisnal framework, For. 
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Recanmenda tion 6. cit. is. paible. fa us Ss oe this cecsmendatin provided. 


it can becwed in context, . The correct context averall is at least the whole Faculty, if - 


: not the. whole: University, and. the: greater. degreés: -of freedom associated with a forger 


‘paal" makes it easier to continue to.adhere to high quality, competence and patent! 


a criteria. or faculty appointment .- ‘This particular recommendation is the only one 2. ie - cd | 


surprisingly, ‘based ana: presentation: of a: detailed analysis of dota. provided: the: consaf tants; 
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i, ago-when they proposed a greatur de-caupling of research from graduate work. This 
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_|. Theit recommendation to stimulate the entrance af qualified students to doctoral pragrovs 
ae through selective use of scholarships (A= 23 gains our support, as would other means of 
ee Support of research activities. However their concept of separation of research from 

he aching i is one we do dispute strongly. Tous, the research activity associated with 


| a weubtaot’ somnary list, We agree that foreign students should be supported more sti - 


doctoral work is an inherent inseparable part of the total teaching-training process . 


- oe 7. We caaider this « area to she one Gatide the terms of reference — 
“age the conmultants.. We also point aut that the "Ring of Iron” was more specific three yuars 
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Their final cocommendation as part of recommendation. 7 is therefore one that is unaccennble, 


ang atthe very least is a major, and wrong, over-simptification of a complex problem. 
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wel Cee ee an on A. pee how, dovetora kl otudy dn -Mechandaas- 
Engiteeriny is of recent origin ‘in Ontarias “The Department 
Of Mechanical Enpinecring at the: University of Ottawa “A has 
exception. Tt fnitdated Ph.f. studies in G967 with fiv 
students. Two of these have obtained their dgotorate ay 
(three ara completiup their program. Admission to the... 
Program was discontinued in 1969, During the pact faur 
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cos. tions as investigators. We are therefore , | sased that tie 


consultants have recoguiced that the vesources and research 
caliber of the Department are more than adequate for a high 
qua*tity Ph.D. program and have recommended that the prapram 
be vsactivated. 
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“ We Value the consultants ' recommendation 
that: Oph, D. graduate work in mechanical engineering at 
the University of Ottawa should be frterrated into « 
multidiscipline effort in ‘rongunct fen with the other. 
engineering departments of the faculty “to provide the 
-vehicke for a nondesipnuted gravdvate degree in engineering" 
(page A-25). We have, in faet, been considering implemen~ 


oo tation of this concept for the past year and in this 
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Sur .recent brief to C.ULA. (pare. 22): "Plans far the’ 
pee eebeen of a commen PRD, program in Enpinbeefuys as 
epposed to the cpecialized preerams given by the individual 
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Sogibeering” AESOS sSmdhte.. After thdiy completion We. — 
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hoot: Ontario which -pumbers: come: 500,000" PROPLE Lc 
o ethwoatby halt guade engineering -s school: in: Ontaris - + 
‘ee Ps oa steady” demand and Llinited “supply of bilingual” 
rmeabowtth a hist competence An ‘padern engineering 
se 7 risey. We believe Ottawa ganJdevelop.au the centre 


ry 


ds THO <a. e#cucat..cnal experience. and would 
4 


Yours sineorely, 


ee 


mo _— “ ae’ — 
te a Guindon, O.M.1., 


Rector. 
é ha nee 4 . ae fir "ery 
ert og fs my) : ' a ne 
“ERIC? 


Pees Wwe. oslen. in-our duty: ‘to. provide \- 


Tee adds for the: ‘french-speaking | 


iG.) Rhee tulwte tems tn Lis. Siyeetion." (pape ‘As 48) 


Ame 
we 


“ERIC: 


: or: Me AC Breiton. ye a8 Shae vss , 2 as : a 

‘ Executive Vice-Chairman : ; Se a Gta, a cai ae huey aig abe oe Ss 
« Advisory. Committee on Academic. BIHAN fees ornsrgue nr 

* Counc 1.of. Ontario Universities: te : ; 
402. Bloor’ Street West. 
Toronto, Ontario: EDS 1M 


‘QUEEN'S UNIVERSITY eer a ee 
“  MINGSTON, ONTARIO J oT OE, 
“ScwOaL OF GRADUATE STUDIES | and RESEARCH i. ee ee 


gigi ga A Ma 
po a ee 


Le eae eo 


Biya te ay ca Sn a a a a 


He roles: for not sending forward niything 4 in ‘connection 


ero EH the S ataanind assessment. on. mechanical engineering. - The. Head Of 
 the-Mechanical Engineering Department told me that for the moment 
_'» Queen's should be content to have its response as -general-support to. 
oS" the comments of the discipline group. I neglected to report this and 
=. do so ‘now. 


I sipects however, that a dnivarviey response or comment 
wil] be prepared on the ACAP report--probably at the time the group 
of reports for the engineering disciplines have been examined. 


Yours sincerely, 
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R. McIntosh 
Dean 
RM/ smb 
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Rite eth “The University. of. Treonto, mclcones: ae. ee hics, approach 
“ta miannine found im the: ‘report to: ‘ACAP- by’ the Mechanical fasineerine | 


=" Consultants, hut yenrets that. the renort does. not provide evalyations... 


“ofthe. individual provrams within the Qntario system. The observations 
they have made covering the whole. province about: the quality of students, 
“"the level of trainine and the employment prosnects for praduate students 

aro.useful with reeard to the discinline as a whote, but the Lack of 
-anecific data and of evaluations of Departments and programs lessens the 

value of the meports 


Ne support their comments on admissions and future enrolment 


; in “Nechanical Engineering. It is evident from this study that, contrary 


~ te the CFMC Report, there is no problem of a gross oversupply of Pht.s 
“am the discipline: in fact, there would seem to be a danger of under- 


supply. 


fifortunately the report contains no tables on enrolment which 
- wotrld allow us to comment on the question of critical size. Without 
_. 5uch data and given the absence also of qualitative evaluations of the 
epartments, it 2s difficult to discuss adequately the claims they make 
about minimum size. We would also have appreciated tables on decree 
requirements, faculty research grants, outnut of Ph.P.s and other data - 
om which the consultants must have based their views. 


oe We recaenize the imhatance hetween the numbers of Canadian and 
af foreign students hut see no immediate steps that.can he. taken to 

correct the imbalance, bevond encourasine more Canadian underoraduates 
te nursue their eradnate studies in this countrv. 
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of the consultants: eee as on-pn. A. » 24 ~ as): Pan Se TO ge Pe 
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Po Whar: we welcome: this’ eonerai evaiuation. of. ‘cha programs, er 
would have welcomed even more a quality. assessment - OF: : individual» 


ae. 


we “support ‘this ‘reconnenilat ton. 


care oo Faas 


Ges 


“oo prowrams.. We. Yegret, that we do not have more, of. the information 


and | the yeasonine on: which. ‘they. chase | these overall statements, 


-. particularly in lisht of the comments. made on. pp. A. P2-and.13.. 


eoncerning the lack of engineering relevance in many: Ph.D. Eheses: 


We, would: ask for‘an exnansion of these comments. from the consi! - - 
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wo Pants: with. reference: partienlarly . to. the. ‘quantitative: and: 
oy udua i tative. nature af. phety Departmental evaluations... 7 
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We ‘suppart. his ‘Secangendat ion, “though. apain. ‘drawing attention: i i iamiete. 
“to the heed. for. clarifivation oF. the- remarks: made ‘on Pp. A 12. “ Ue ae 


We ‘consider this, requirenent. inadequate. We hetleve. ‘that. “there” 
~ “should: he. twa. academic: years of. ‘course: work: (8 courses}: ‘evond — 
~ the hacca laureate, that is one academic vear: ‘oF course Balada 
“(4 eorses)- ‘he void the master's Rioalbe nea , 
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We: wish to comment: an: - the statement: that, ‘SF ° the ‘wultd-departmental--° + =: . 
Ottawa program soes ahead, “ne new mechanical encineering depart- ~ 
ments or enlargements of the present be required in the next five 


vears". We believe that the comment on enlargement should not 
apply to individual departments. Should some programs be curtailed 
hy the universities, other departments should be free to expand 
into the areas left open. 


We find it difficult to follow the lowic of this recommendation 
in the light of statements made on pp. A 22 + 23, The consui- 
tants claim the present BIU weighting probably reflects the cost 
of PALO. procrans in engincering. Given that they also see the 
possibility of a shortfall in the future supply of Ph.D.s in 
“fechanical Fneineerins, we do not see how reducine the ATU 
wetohtine would encourage departments to increase their enrol-. 
ment numbers. We are concerned also at what appears to be a 
recommendation for excessive dependence on industrial research 
finds, since fluctuations in this area could have harmful 
effects on the stability of some programs. The question of the 


 senaration of funds for teachine and research (p. 23) has heen 


discussed at leneth in Ontario over the past two vears. ‘ithout 
sore information om how the consultants arrived at their position 
an research funding, and what exactly they mean by it, we cannot 
accent this recommendation. 


This set of recommendations seems to us toa he either inadequately 
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ok point, eae ‘the UTIAS. pesearch activiey: chpuid: be made. 
Shortly. before the consultant's assessment, there were.two UTIAS- faeulty 

members whose work WAS related ‘to. metallurgy” and materials science... 

Roth maintained close. relat ions: withthe Department. of Metallurgy and : 


Materials Science, . in ‘spite of the. -georraphical separation, and with 


the Materials “Research. ‘Centre... Because of. retirement there’. is at present. 


only one staff inember: in this area who maintains, contact. with. the Se a 


materials research. ee o ee: 


ee ae ‘Again we must “express: our isaurcerent. with. ACAP's practice of 


or: siving to gach. set. oF consultants. copies of earlier ACAP assessment. 
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Cla Rscuniversity of GOrtawa. They state that they find all of the. 
‘ brosrammes ta be of acceptable quality and of viable size, and yet in 
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dave Lop in a wary that takos advantage of their strengths and reflects 


the necds of the country related to these strengths. For example, 3 


few years ayo, the Department in cooperation with T.R.T. identi- 


tied “noise and vibration” as a field of study which would require 


increased attention in the future. This attention would be directed 
aft ali levels of student training plus the Gee Vasnnnt of a facility 
tu do research and consulting for industry. The Departuent subsequent Ly 
bike tafy heeneen in this field scnelceeed through the appointment 

: at ait ad junet professor. The. result -of this rapid-respouse Co oa need: 
is the prewing number of projects and requests coming to the L.RwE. 

trot Canada aus the TLS, 
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decade, and we will continne fo stress such an orfentation, 


We are equally pleased to note the strong support riven te uf 


through a mast positive qualitative evaluation of our current research 


etforts and graduate degree programs in engineering design and in 
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with our efforts for good inter-departmental and inter-Facultv partici- 
patios: in this latter program along with close collaboration with 


industry and other universities, A minor point of correction to note 


. apa. Ont MINESENS foard has wide industrial representation from 


imatario and Gucbec, net faat the Hamilton area, 
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Meet. vith representatives. of: ‘ACAP. budi cope. aaa discuss ‘the. . apectalty. fields 


assigned. to this, assessment... An. Anitial meeting: of. ‘the. five. ‘engineering 


by ACAP -a8. ‘a. result ‘of. these discussions and. CODE SOPRA elon ele a, 


discipline. groups. may. prove. desirable,” ‘The :field allocations ‘may. be. altered 


“UNS feastemt cons 
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on current: past and future Prograznes, ab’ ‘described in paranraph 1 B. Ears , 
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7 -eurrent and post strength. CODE will also be asked to comment on the data ...., 


> redability. 


5. Both. in eeaaateaeion with ACAP/CODE representatives and separately, conntled 
coon. the situation revealed by the tabulation ef proposed future programmes and 
: ' consider whether future plans should be modified or developed in more 
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detail. As a result of this step, individual universities may wish to 


- revise the material described in 5.1.d below. 


Possibly develop a tentative plan for development of established or new 
doctoral work in Ontario paying attention to adequare coverage of fields 
and specialities. Any such plans will be reported to ACAP which will 
transmit them to the consultants and to CODE. 


For this assessment, the discipline group shall consist of a member of 
each of the Departments of Mechanical Engineering, that member being the 
chairman unless the chairman delegates this responsibility to a colleague 
on a permanent basis. 
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Fach wniversitv is acked to supply to ACAP, in the form indicated by 
ACAP after comment by CODE and by the discipline group (paragraph A.3.). 
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ARKO responses. They may obtain data and views from any relevant suurce, such 
ts, tor example, employers of holders of graduate degrees, professional. and 
learned soctetiecs, tederal agencies. The campus ofreach interested university 
thall be visfted by ar least two consultants. Consultants shall arrange their 
schedule of visits to the universities in censultation wich ACAP te ensure 
unifermity. Reports of appraisal comsuitants are privileged documents and are 
met to be mide available te ACAP consuitants. Cansultants shaubl meet with the 
disc fp Pine group near the beginning of the work, during the werk as they consider 
Teressary, and immudiately betore preparing their final report. 
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coordinate: the: conduct. of. the: ASSeSsmEnts - sin accordance: with. ‘the. proce ” 
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a the Terns, ar ‘Reference. fr: the Consultants. oe ee : 
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“_&e) > enroleeitt Tange s projected: ta five years, gua eenere {tom 
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ineluding the basie ACAP quantitative data > iiaheae ag modi - 
fied for the engineering agsessments. 


oo The quantitative data sheets, ta be submitted ta ACAP by November 2, 1972, 
and the “Pivecyour plaas", due by the end of Janugry 1973, will thon be | 

distributed by ACAP to the discipline groups fer consideration and planning 
action by the individual institucions and hy the discipline proups. | 
Copies will be made available to the members of CODE. 


Departrents are encourayerdt to atecise thetr preliminary plas with the 

-appropriate discipline group prior to formal submission in January and 
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